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Silicified Early Devonian (Emsian; perbonus Zone) brachiopods from the Murrindal Limestone of
castern Victoria are documented in their entirety for the (irst time. The fauna consists of 35 specics, as-
signed to 31 genera, and shows closest faunal similarities with the brachiopod taunas of the Murrumbidgee
Group of the Tacmas-Wee Jasper arca of New South Wales. The Murrindal Limestone brachiopod fauna is
dominated taxonomically by strophomenids (five genera and five species), orthids (eight genera and cight
species) and spiriferids (five genera and six species). However, the atrypids, especially Atparia pencto-
peae (Chatterton, 1973) (784 ventral valves; 794 dorsal valves; 778 artieulated specimens), dominate the
fauna numecrically. New taxa include the dalmancllid subfamily Bidigitinac subfam. nov. with type speeies
Bidigitus murrindalensis gen. et sp. nov.; other new taxa are a dalmancllid, Biernatinm catastuni sp. nov.,

and a leptacnid, Notoleptacna adamantea sp. nov.
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HIGHLY diverse brachiopod faunas occur in many
eastern Australian Devonian carbonate sequences.
These include the Broken River Group and
Ukalunda Beds of northeast Queensland (Brock
1989; Brock & Talent, 1993); the Garra Limestone
(Savage 1969; Lenz & Johnson 1985a, b; Farrell
1992; Brock 2003a, b) and the Murrumbidgee
Group (Chatterton 1973) of New South Wales; and
the Buchan Group of castern Victoria (Talent
1956a). However, despite having such prominenee,
many brachiopod faunas remain undoeumented.
The Buchan Group of castern Vietoria (Fig. 1)
contains some of the richest Devonian brachiopod
faunas in castern Australia. Despite being known
since the 1860s (Selwyn & Ulneh 1867; MeCoy
1867), only the brachiopods of the Buchan Caves
Limestone have been fully documented (Talent
1956a). Very few taxa have been documented from
the Taravale Formation and Murrindal Limestone
(Chapman 1913; Gill 1951; Campbell & Talent 1967;
Teichert & Talent 1958; Talent et al. 2000, 2001).

GEOLOGY AND STRATIGRAPHY

The Buehan Group, a 1100 m carbonate-mudstone
sueeession, outerops in a broad north-south syneli-
nal structure in the Buchan-Murrindal arca of cast-
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ern Vietoria (Fig. 1) as well as at Bindi, The Basin
and numerous other areas where only parts of the
lowest unit, the Buchan Caves Limestone have been
preserved (sce Mawson 1987: figs 1-5). The
Buchan Caves Limestone rests disconformably, or
with minor unconformity, on the Snowy River Vol-
canies (Fig. 2) (Teichert & Talent 1958; Mawson
1987; Mawson et al. 1992) and is conformably over-
lain by the Taravale Formation (Fig. 2), a sequence
ol mudstones and shales with subordinate lime-
stones tending to be nodular (Teichert & Talent
1958; Mawson 1987) and apparently deposited on a
southwards sloping submarine shelf (Talent 1965a,
1969). The group reaches a thickness of around 600
m at the southern end of the Buchan Syneline. At the
northern end of the Buchan Syneline, the Taravale
Formation ocecurs as two poorly outcropping
tongues of mudstone and ealearcous mudstone with
oceasional beds of limestone and nodular limestone:
the Pyramids Mudstone Member (Teichert & Talent
1958) — between the Buchan Caves Limestone and
the overlying Murrindal Limestone (Fig, 2) — and
an unnamed poorly outeropping tongue, referred to
as the Upper Taravale Formation in Fig. 2, overlying
the Murrindal Limestone and known primarily from
deeply weathered expostres in road cuttings; the
stratigraphy and palacontology of this unnamed
member are poorly known. The Pyramids Member
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is occasionally highly fossiliferous, the proportion
of carbonate inereasing northwards until a short dis-
tance north of Murrindal State School (see Mawson
1987: fig. 1) where it ean no longer be differentiated
from the overlying and underlying units (Teichert &
Talent 1958; Mawson 1987).

The middle part of the Taravale Formation
grades laterally into the Murrindal Limestone a few
kilometres north of Buchan (Fig. 2). This unit is up
to 250 m thick and consists of a broad speetrum of
carbonate lithologies ineluding mierites, calearen-
itcs, a few rudites, ealearcous mudstones (espe-
cially southwards towards Moons Road), algal
mudstones and a prominent algal biostrome out-
cropping about 75 m above the base of the forma-
tion. Based on conodont data, it has been suggested
that the Murrindal Limestone accumulated more
rapidly than the deeper water nodular limestones,
shales and impure limestones of the Taravale For-
mation (Hyland & Pyemont in Mawson et al. 1988).
The wide range of earbonate lithologies acecords
with a situation in which there was considerable
patchiness in carbonate environments (and biofa-
cies), the areas and relationships of these fluctuat-
ing through time.

Teichert & Talent (1958) diseriminated two
members within the Murrindal Limestone (Fig. 2),
the well-bedded, typically dark grey, MeLarty Mem-
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Fig. 2.  Stratigraphy of the Buchan district showing the
two sections, McL and ROC, through the Murrindal Lime-
stone sampled for brachiopods (not to scalc) (after Maw-
son 1987 and Holloway 1996).

ber representing shallow shelf, but not intertidal car-
bonate cnvironments, and the less well-bedded,
paler grey limestones of the Roeky Camp Member,
interpreted as being biohermal in origin (Mawson
1987: Wallace 1987; Holloway 1996). These build-
ups arc now interpreted as carbonate mud-mounds
(Wallace 1987).

PREVIOUS WORK

The presence of limestone outerops in the Buchan-
Murrindal area of castern Vietoria was first men-
tioned by Selwyn & Ulrich (1867) who believed
they may have been Devonian in age, based on
McCoy’s (1867) identification of Spirifera laevi-
costa (Valeneiennes in Lamarek, 1819) (species
name misspelled laevicostata until Chapman’s
(1905) review of the speeies), a Middle Devonian
brachiopod occurring in the Eifel Hills of western
Germany. MeCoy (1876) deseribed in detail the first
fossils fron1 the Buchan limestones which included
Favosites goldfussi ¢’ Orbigny, 1850, Spirifera lacvi-
costa, Chonetes ausiralis MeCoy, 1876, Phragmio-
ceras subtrigonnn McCoy, 1876, and Asterolepis
ornatus var. australis McCoy, 1876. The first geo-
logical survey of the area was undertaken by Howitt
(1876: 203), who deseribed the Buchan limestones
as being compact and dark bluc to almost black
limestone deposited some distanee from land in seas
of modcrate depth. Howitt (1876) accepted MeCoy's
(1867) view that the Buchan limestones were Mid-
dle Devonian, an assessment not seriously chal-
lenged until the 1960s.

During the 1940s, Teichert undertook the first
detailed study of the geological strueture and
stratigraphy of the Buchan-Murrindal area and is
primarily responsible for the stratigraphic nomen-
clature that came to be applicd to what was for-
merly referred to as the ‘Buchan Limestones’. The
lowest unit he termed the Cave Limestone (Te-
ichert 1948), subsequently amended to Buchan
Caves Limestone to avoid confusion with similarly
named units elsewhere in Australia. He initially re-
garded the overlying limestone-mudstone sequence
as consisting of two units, the Lower Murrindal
Beds — with the goniatite Gyvroceratites von
Meyer, 1831 and baetritid Lobobactrites Schinde-
wolf, 1932 — and the Upper Murrindal Beds. This
nomenclature was used by Hill (1950) when de-
seribing corals colleeted by Teichert and sent to her
for identification.
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Teichert & Talent (1958) provided a compre-
hensive account of the geology and stratigraphy of
the post-Snowy River Volcanies sequence of the
Buchan arca and, on the basis of extensive collec-
tions, provided the first overview of the abundant
and diverse fossil assemblages oceurring at many
horizons throughout the Buchan Group. Since then,
several groups have received additional attention:
fish remains (Long 1984, 1986; Burrow & Turner
1998; Basden 1999). conodonts (Mawson 1987;
Hyland & Pyemont in Mawson et al. 1988; Pyc-
mont 1990; Mawson et al. 1992), chitinozoans
(Winchester-Seeto & Paris 1989; Winchester-Seeto
1996), bivalves (Johnston 1993), stromatoporoids
(Webby et al. 1993), trilobites (Holloway 1996),
foraminifers (Bell 1996; Bell & Winchester-Seeto
1999), dacryoconarids (Alberti 1993, 1995) and
disarticulated crinoid remains (Stukalina & Talent
unpubl. data).

Teichert & Talent (1958) believed the Buchan
Group to be carly Middle Devonian in age, with the
possibility that the Buchan Caves Limestone ex-
tended down into the latest part of the Early Devon-
ian. This assessment was based primarily on the
presence of the bactritid, Lobobactrites and goni-
atite, Gyroceratites (Teichert 1948) from the Tar-
avale Formation, and to a lecsser cxtent on the
presence of the trilobites Harpes Goldfuss, 1839
and Scutellum Pusch, 1833 in the uppermost parts of
the Buchan Group. Hill’s (1950) opinion, based on
tabulate and rugose corals, was in accord with this
assignment.

Erben (1960, 1962, 1964, 1965), Chlupaé (1976)
and Housc (1979) reconsidered the identity of the
goniatites deseribed by Teichert (1948) and, inter
alia, proposed several new genera including two
from Buchan, Teicherticeras Erben, 1960 (an Em-
sian form) and, subscquently, Talenticeras Erben,
1965. This, together with subsequent work on other
groups including conodonts (Philip & Pedder 1964;
Philip 1966), triggcred realization that some, if not
all, of the scquenee was late Early Devonian (Em-
sian) in age.

The pioncering conodont work of Philip & Ped-
der (1964) and Philip (1966) has now been super-
seded by conodonts from several hundred samples
collceted from measured stratigraphic scctions
(often bed-by-bed sampling: present database >
10,000 conodonts, Mawson pers. comm.) through
all units of the Buchan Group in the Buchan-Mur-
rindal arca and from Bindi, The Basin, Dead Horse
Creck, and Boulder Flat, as well as spot sampling in

scveral other arcas (Mawson 1987; Mawson et al.
1988, 1992: Pyemont 1990). This work not only pro-
vided tightly constrained ages for all units of the
Buchan Group, but conodont data through the goni-
atite-bearing intervals low in the Taravale Formation
suggest these may be the oldest ammonoids in the
world (Mawson 1987). Conodont studies of Maw-
son (1987) and Mawson et al. (1988, 1992) indi-
cated that: the Buchan Caves Limestone belongs to
the deliiscens Zone (but not latest deliiscens Zone),
possibly extending down into the pirencae Zone
(uppermost zone of the Pragian); the Taravale For-
mation spans the interval from late dehiscens Zone
through to somewhere in the serotinus Zone (late
Emsian); the Pyramids Mudstone Member of the
Taravale Formation is late deliscens Zone to carly
perbonus Zone; and the Murrindal Limestone ex-
tends from carly, but not carliest, perbonus Zone,
through to just before the base of the inversus Zone
(Mawson et al. 1988: 498-499, table 8).

Bed-by-bed sampling for conodonts along
McLarty's Ridge (Fig. 1) undertaken by Mawson,
Talent and Hyland embraced the uppermost 62 m of
the Pyramids Member of the Taravale Formation,
158 m of the Murrindal Limestone and finished low
in the upper, unnamed tongue of Taravale Forma-
tion (Fig. 4). OF the 3388 conodonts recovered,
Polygnathus perbouns (Philip. 1966) and P
nothoperbonus Mawson, 1987, were present from
the first to the last beds sampled, indicating that the
entire section lies within the perbonus Zone. A sim-
ilar cxercise conducted along Rocky Camp Ridge
(Fig. 1) provided materials for Pycmont’s (1990)
dissertation. This seetion commenced 17 m below
the hasc of the Murrindal Limestone and passed
through 147.5 m of the Murrindal Limestone and
ended very low in the upper tongue of Taravale For-
mation (Fig. 3). It yiclded 1922 conodonts of which
P perbonus and P nothoperbonus were dominant;
this section too lay entircly within the perbonus
Zone.

No chitinozoans were obtained from the Mur-
rindal Limestone, but the Taravale Formation — more
pelagic as indicated by goniatite and daeryoconarid
faunas — produced 55 species of chitinozoans
grouped in seven assemblages (Winchester-Seeto &
Paris 1989; Winchester-Secto 1996), that appear to
have only local stratigraphic application. Fificen of
the reported species are new and a further 15 are
probably new. Only five species have tentative rela-
tionships with Emsian species from Europe (sce Win-
chester-Secto 1996: 159-160).
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SYSTEMATIC PALEONTOLOGY

Brachiopods for thiis project were colleeted from sili-
cified horizons along the Rocky Camp Ridge (ROC)
and McLarty Ridge (McL) sections through the Mur-
nndal Limestone (Figs 1, 3, 4, Tables 1, 2). All type
and figured material is lodged in the palacontological
collections of the Australian Muscum (AM F).

Phylum BRACHIOPODA Duméril, 1806

Remarks. Unless otherwise mentioned, the higher
level classification used herein follows that of
Kaesler (2000, 2002).

Subphylum LINGULIFORMEA Williams, Carlson,
Brunton, Holmer & Popov, 1996
Class LINGULATA Gorjansky & Popov, 1985
Order ACROTRETIDA Kuhn, 1989
Superfamily ACROTRETOIDEA Schuchert, 1893
Family BIERNATIDAE Holmer, 1989

Opsiconidion Ludvigsen, 1974

Tipe species. By original designation of Ludvigsen
(1974: 143); Opsiconidion arcticon Ludvigsen, 1974;
carly Emsian of the Michelle Formation, Yukon Terri-
tory, Canada.

Remarks. Opsiconidion is one of only six known gen-
era of post-Ordovician acrotretid brachiopods (Krause
& Rowell 1975; Biernat & Bednarezyk 1990; Brock ct
al. 1995; Mergl 2001) and ranges from Ordovieian
(Ashgill) to Middle or ?Upper Devonian (Holmer &
Popov 2000). Brock et al. (1995) documented four
species of Opsiconidion from New South Wales and
Victoria ranging from the Lochkovian (pesavis Zonc)
to Emsian (dehiscens Zone). Broek et al. (1995) also
reported the presence of three poorly preserved dorsal
valves from the Middle Devonian Yarramie Formation
of New South Wales. These were questionably re-
ferred to O. minor Popov, 19814, possibly cxtending
the stratigraphie range of this genus in Australia to the
Givetian (varcus Zone). However, additional material
1s required to eonfirm this.

Opsiconidion arcticon Ludvigsen, 1974
Fig. 5SA-C

Opsiconidion arcticon Ludvigsen 1974: 145, fig. 4,
1-3; fig. 5, 1-8.-von Bitter & Ludvigsen
1979: 707, pl. 90, figs 1-12; pl. 91, figs

1-12.-Brock, Engelbretsen & Dean-Jones
1995: 111, figs 4A-E-Brock 2003a: 104,
pl. 1, figs 8-13, 15-16.

Material. Figured material: AM F117236 (Fig. 5A,
B): ventral valve from sample ROC 156; AM
F117237 (Fig. 5C): dorsal valve from sample ROC
156. Unfigured material: one dorsal valve.

Description. See Ludvigsen (1974: 145) and von Bit-
ter & Ludvigsen (1979: 707).

Remarks. Opsiconidion arcticon was first docu-
mented in Australia by Broek ctal. (1995: 111) from
various Early Devonian loealities in New South
Wales and Victoria. The presence of O. arcticon in
the ROC scetion of the Murrindal Limestone ex-
tends its stratigraphic range in Australia from the
Pragian (kindlei Zone) into the Emsian (perbonus
Zone). Opsiconidion arcticon has otherwisc been re-
covered from the Lochkovian Garra Limestone at
Eurimbla (Brock 2003a), the Emsian Michelle For-
mation in the Yukon Territory of Canada (Ludvigsen
1974) and the Lower and Middle Devonian Bois
Blane, Onondaga and Dundec Formations of On-
tario (von Bitter & Ludvigsen 1979).

As outlined by Brock et al. (1995) and Brock
(2003a), the diagnostic features of Opsiconidion are
the morphology of the dorsal valve pseudointerarca
and to a lesser extent, the outline of the dorsal valve.
The dorsal valve pseudointerarca of O. arcticon is
crescentic and lacks a median plate, whereas the dor-
sal valve outline is almost circular (Fig. 5C). Opsi-
conidion sp. el. O. aldridgei (Cocks, 1979), Irom
various Early Devonian localities in New South
Wales and Victoria (see Brock et al. 1995: 111 and
Brock 2003a: 104), has a less well rounded dorsal
valve and a dorsal valve pseudointerarca with a
straight anterior margin and a well defined median
plate. Opsiconidion minor from the Emsian of Val-
nov Island, Novaja Zemlja (Popov 1981a) and vari-
ous localities in New South Wales and Vietoria (see
Brock et al. 1995: 113), differs in having an acutely
subtriangular dorsal valve pscudointerarea, a well-
defined median plate and proparcas and a less well-
rounded dorsal valve. Opsicouidion robustum Brock,
Engelbretsen & Dean-Jones, 1995 from the Early
Devonian of New South Wales (see Brock et al.
1995: 114) is distinguished by its external orament
of well defined concentric fila, squat, conical and ro-
bust ventral valve, straight dorsal valve pscudointer-
area and sub-polygonal dorsal valve outline.



208 JAMES L. VALENTINE

Opsiconidion sp. cf. O. aldridgei (Coeks, 1979)
Fig. 5D, E

?Cacnotreta aldridgei sp. nov. Cocks 1979: 96, pl. 13,
figs 1-7; pl. 14, figs 1-4.

?Caenotreta ceffoni sp. nov. Cocks 1979: 98, pl. 14,
figs 6-8.

Opsiconidion sp. cf. O. aldridgei-Broek, Engelbret-
sen & Dcan-Jones 1995: 111, fig. SA-K.-
Broek 2003a: 104, pl. 1, fig. 14,

Material. Figured material: AM F117238 (Fig. 5D):
dorsal valve from ROC 410.3; AM F117239 (Fig.
5E): dorsal valve from ROC 410.3.

Description. See Cocks (1979: 96).

Remarks. The dorsal valve pscudointerarea of O.
aldridger is short and widc, with a straight anterior
edge and a well-defined median plate. The dorsal
valve is subcircular in outline (Cocks 1979; Brock et
al. 1995). Broek et al. (1995) and Brock (2003a) dif-
ferentiated between O. sp. cf. O. adridgei from vari-
ous Early Devonian localities in New South Wales
and Victoria (see Brock ct al. 1995: 111 and Brock
2003a: 104) and O. aldridgei from the Llandovery of
the Welsh Borderlands (Cocks 1979), the Llandovery
to Wenlock of Saaremaa, Estonia (Popov 1981b) and
the Boree Creek Formation of central-western New
South Wales (Valentine et al. 2003), because the me-
dian plate of the Early Dcvonian specimens is less
distinct, The Murrindal speeimens are most similar to
those described by Brock et al. (1995) and Brock
(2003a). This extends the stratigraphie range ol the O.
sp. cf. O. aldridgei from the Pragian (kindlei Zone) to
the Emsian (perbonus Zone).

Opsiconidion praecursor Popov, Nolvak &
Holmer, 1994, Trom the Upper Ordovician Harju Se-
ries of southern Estonia, is very similar to O.
aldridger. The dorsal valve outline of both specics is
subcircular and both have an anacline pseudointer-
arca with a straight anterior margin. Opsiconidion
praecursor differs in being smaller, having a rela-
tively smaller dorsal valve pseudointerarea and pos-

Fig. 5.

sessing large larval pits surrounded by clusters of
smaller ones (Popov et al. 1994),

Opsiconidion arcticon, from various Early De-
vonian localities in New South Wales and Victoria
(see Brock et al. 1995: 111 and Brock 2003a: 104),
the Emsian Michelle Formation in the Yukon Terri-
tory of Canada (Ludvigsen 1974), and the Lower and
Middle Devonian Bois Blanc, Onondaga and Dundee
Formations of Ontario (von Bitter & Ludvigsen
1979), possesses a similar ventral valve to O. sp. cf.
O. aldridgei, but the latter has a slightly flattencd
pseudointerarea. The dorsal valve of O. arcticon has a
more eircular outline and crcseentic pseudointerarea,
Opsiconidion minor, from the Emsian of Valnov Is-
land, Novaja Zemlja (Popov 1981a) and also recov-
cred by Brock et al. (1995: 113) from various Early
Decvonian localities in New South Wales and Vietoria,
differs in having an acutely subtriangular pscudoint-
crarea and a well-defined median plate. Opsiconidion
robustum {rom the Early Devonian ol New South
Wales and Victoria (Brock et al. 1995: 114) is distin-
guishable by its external ornament of well-defined
concentric fila, its squat, conical and robust ventral
valve and sub-polygonal dorsal valve outline.

Subphylum CRANIIFORMEA Popov, Bassett,
Holmer & Laurie, 1993
Class CRANIATA Williams, Carlson, Brunton,
Holmer & Popov, 1996
Order CRANIOPSIDA Gorjansky & Popov, 1985
Superfamily CRANIOPSOIDEA Williams, 1963
Family CRANIOPSIDAE Williams, 1963

Craniops Hall, [859a
Tipe species. By original designation of Hall (1859a:
84); Orbicula? squamiformis Hall, 1843; Lochkov-

ian of the Helderberg Group, New York, America.

Craniops australis Chatterton, 1973
Fig. 5SF-H

Craniops australis sp. nov. Chatterton 1973: 17, pl. 1,
figs 1-7; pl. 5, figs 26-30.

A-C, Opsiconidion arcticon Ludvigsen, 1974. A, B, ventral valye lateral view, x 120, close up of ventral valve lar-

val shell pitting x 2670, ROC 156, AM F117236. C. dorsal valve interior, ROC 156, AM F117237, x 94. D, E, Opsiconidion
sp. ef. O. aldridgei (Cocks, 1979). D, dorsal valve interior in lateral oblique view, ROC 410.3, AM F117238, x 69. E, dorsal
valve interior in lateral oblique view, ROC 410.3, AM F117239, x 69. F-H, Craniops australis Chatterton, 1973, F, ventral
valve interior, ROC 176.9, AM F117240, x 37. G, ventral valve exterior, ROC 176.9, AM F117241, x 33. H, dorsal valve in-

terior, ROC 159, AM F117242, x 37.
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Material. Figured material: AM F117240 (Fig. 5F):
ventral valve from ROC 176.9: AM F117241
(Fig. 5G): ventral valve from ROC 176.9;: AM
F117242 (Fig. 5H) dorsal valvc from ROC 159,
Unfigured material: ten ventral valves, seven dorsal
valves and two complete specimens.

Description. Sce Chatterton (1973: 17).

Remarks. Cranjops auvstralis from thc Emsian *Re-
ceptacnlites’ and Warroo Limestonc Members of
the Tacmas Limcestone at Taemas and the Murrindal
Limestonc at Buchan, diffcrs in several ways from
the C. sqnamiformis. Craniops squamiformis has a
thinner shell. a more subquadrate outline and finer,
morc numerous and closcly spaced growth lines.
The apex of C. australis is located closer to the pos-
terior margin than the apex of C. squamiformis.
Hall (1859a) also mentioned the prescnce of fine
radiating striac crossing the lamicllae in well-pre-
served specimens of C. squamifornis, as does Chat-
terton (1973) for some specimens of C. anstralis.
However, Chatterton’s (1973: pl. 1, figs 1-7; pl. 5,
figs 26-30) figurcd material show no tracc of radial
striac, nor do any of thc Murrindal specimens
(Fig. 5G).

Craniops australis is the only definite occur-
renee of this genus in Australia. A questionable oc-
currenee was reported by Strusz (1982) from the
Wenlock Walker Voleanics ncar Canberra. Though
externally resembling Craniops, this assignment is
tentative owing to a lack of material showing suffi-
cient detail of internal features and doubts over the
presence of an attachment scar (Strusz 1982).

Craniops australis appears most closely related
to Cruniops sp. 1 of Perry (1984) from the late Em-
sian of the Delorme Formation of western Canada.
Although both are similar in tcrms of outlinc, orna-
ment and musele sear impressions, the Delorme
specimens possess a much more prominent attach-
ment sear. Creniops patina (Hall & Clarke, 1893)
from late Emsian beds of the Bois Blanc Formation
of Ontario is externally similar to C. australis; the
two species also possess similar musclc sear impres-
sions. They diffcr most notably in that the dorsal

Fig. 6.

valve of C. patina posscsses a median ridge located
between the anterior adductor scars.

Subphylum RHYNCHONELLIFORMEA Williams,
Carlson, Brunton, Holmer & Popov, 1996
Class STROPHOMENATA Williams, Carlson,
Brunton, Holmer & Popov, 1996
Order STROPHOMENIDA Opik. 1934
Superfamily STROPIHHOMENOIDEA King, 1846
Family RAFINESQUINIDAE Schuchert, 1913
Subfamily LEPTAENINAE Hall & Clarke, 1894

Notoleptaena Gill, 1951

Tipe species. By original designation of Gill (1951:
191); Notoleptaena linguifera Gill, 1951; Lochkov-
ian-Pragian, Stoddart Member of the Mount Ida For-
mation, Heathcote-Redcastle  district, Victoria,
Australia.

Remarks. Apart from onc spccics left under open
nomenclaturc by Pajchlowa (1957) from the Devon-
ian deposits of the castern part of the Bodzentyn syn-
clinal outcrops in the rcgion of Grzcgorzowice and
Skaly, Poland, all oceurrcnees of Notoleptaena arc re-
stricted to Australia. However, as Pajchlowa (1957)
neither figured nor deseribed this specimen, no com-
parisons arc possiblc. The type species has heen re-
covered from the Lochkovian-Pragian of the Stoddart
Mcmber of the Mount Ida Formation (Mawson & Tal-
ent 2000), and N. ef. /inguifera oceurs in the Pragian
Garra Limestone at Wellington (Lenz & Johnson
1985a), but has since been referred to Glossoleptacna
Havlicck, 1956 by Brock (2003a). Notoleptaena oto-
phera Gill, 1951 is widely distributed, having being
recovered from the Lochkovian-Pragian Mount Ida
Formation unit 3 (Plewrodictyum Beds), the Lochkov-
ian Humevale Formation and the latest Lochkovian
Boola Siltstone of Victoria. Notoleptacna afY. oto-
phera occurs in the ?carly Lochkovian Maradana
Shalc of New South Wales (Savage 1974). A third
species, N. umdilifera Talent, 1956b occurs in the Pra-
gian Tabberabbera Formation of Vietoria. Notolep-
taena adamantea cxtends the stratigraphic range of
this genus into the Emsian (perbonus Zonce).

A-L Notoleptacna adamantea sp. nov. All specimens x 2. A, B, holotype, ventral valve interior and exterior, ROC

181, AM F117243, C, D, dorsal valve interior and exterior, ROC 159, AM F117244. E. F. dorsal valve interior and exterior,
ROC 181, AM F117245. G, H, ventral valve exterior and interior, ROC 159, AM F117246. 1, dorsal view of articulated spec-
imen, ROC 181, AM F117247. J, dorsal valve interior, ROC 165, AM F117248. K, L, ventral valve exterior and intcrior, ROC

165, AM F117249.
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Notoleptaena adamantea sp. nov.
Fig. 6A-L

Etymology. L., adamantea, like a diamond; in refer-
ence to the diamond shaped muscle field of the ven-
tral valve.

Diagnosis. Notoleptaena with diamond-shaped ven-
tral valve musele ficld, surrounded by strong musele
bounding ridges. Hinge line faintly denticulate for
most of length. Delthyrium trapezoidal.

Tipe material. Holotype: AM F117243 (Fig. 6A. B):
ventral valve from ROC 181. Figured paratypes:
AM F117244 (Fig. 6C, D): dorsal valve from ROC
159; AM F117245 (Fig. 6E. F): dorsal valve from
ROC 181: AM F117246 (Fig. 6G. H): ventral valve
from ROC 159; AM F117247 (Fig. 61): articulated
specimen from ROC 181; AM F 117248 (Fig. 61):
dorsal valve from ROC 165; AM F117249 (Fig. 6K,
L): ventral valve from ROC 165. Unfigured
paratypes: 75 ventral valves, 28 dorsal valves and 17
articulated specimens.

Tvpe locality and horizon. ROC scetion (sample ROC
181), Emsian (perbonus Zone) Murrindal Limestone,
Buchan Group, Buchan, Victoria, Australia.

Description. Semicircular outline, maximum width
at, or slightly forward of, hinge line. Up to twice as
wide as long. Cardinal extremities variably alate.
Visceral region of ventral valve convex; medial re-
gion slightly concave. Raised lateral margins, in-
creasing in height anteriorly until reaching strongly
dorsally deflected tongue. Visceral and medial re-
gions of dorsal valve planoconvex, valve margins
concave. Ornament consisting of weakly to strongly
developed and irregularly spaced eoncentrie rugac,
0.7 mm up to 2.8 mm (averaging 1.1 nun) apart. No
micro-ornament observed.

Ventral wvalve interarca steeply apsacline.
Delthyrium trapezoidally shaped. Pseudodeltidium
absent. Dorsal valve interarca small, anacline and
triangular. Notothyrium narrowly triangular, with
small, fragile chilidium.

Ventral valve interior with well developed, elon-
gately oval and crenulate teeth lying subparallel to
hinge linc. A broad median ridge begins one quarter
to halfivay across muscle ficld, rapidly increasing in
height, and slightly in width, anteriorly. Musele field
diamond shaped and strongly excavated. Diductor
scars triangular and separated by median ridge. Ad-

ductor scars long, narrow, and located on median
ridge. Adductor scars may be divided anteriorly by a
low, narrow ridge (0.2 mm wide), located on surface
of median ridge. Musele field bounded laterally and
anteriorly by strong musele bounding ridges that
begin slightly forward of teeth. Initially divergent,
musele bounding ridges quickly and sharply turn in-
wards, rapidly gaining height. Height deereases to-
wards median ridge, but inercases again upon
joining with median ridge. A rounded peak may be
formed where musele-bounding ridges meet. A sub-
peripheral ridge extends around valve edge, joining
with dorsally dirceted tonguc anteriorly. Hinge line
faintly denticulate for most of length. Inner surface
pscudopunctate, espeeially adjacent to musele
bounding ridges. Faint impressions of ¢xternal rugae
may also be visible.

Dorsal valve interior with creet and strongly
bilobed cardinal process. Each lobe of cardinal
process oval in cross-section and in some speeimens
with faint striations along their clongately flattened
posterior edge. Sockets shallow, triangular impres-
sions lying adjacent to cardinal proeess. Subtriangu-
lar median ridge short and low, extending forward
from cardinal process, rapidly narrowing anteriorly;
anterior point of median ridge extended in some
speeimens and in one bifurcates anteriorly. Adductor
scars subetreular, deeply impressed, and separated
by median ridge. Twvo low, broad and gently arcuate
anderidia diverge forward from medial portion of
cardinal process at 100° and extend anteriorly
slightly further than median ridge before fading out.
Hinge line faintly denticulate. Inner surface coarsely
pscudopunetate, espeeially adjacent to and on an-
deridia. Traces of rugac visible internally around
valve edges.

Ventral valves Dorsal valves
width (mm) length (mm) width (mm) Iength (mm)

42* B84
42* o8 18
38* 15 14.5
38% 208
36* D25
34* 16 225
B2 21
S 16
31 12
28* 17
25
Table 3. Dimensions for Notoleptacna adamantea sp.

nov. * Indicates dimensions estimated due to incomplele na-
ture of recovered specimens.
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Measurements. Dimensions arc given in Table 3.
Ventral valves average 34.3 mm in width and 16.2
mm in length. Dorsal valves average 28.6 mm in
width and 16.3 mm in Iength.

Remarks. The specimens from the Murrindal Limc-
stonc conform to the diagnosis provided by Gill
(1951) and Cocks & Rong (2000) for Notoleptaena.
Gencrically diagnostie fcaturcs include a dorsally
directed tongue, the muscle field of the ventral
being bounded latcrally and anteriorly by strong
muscle bounding ridgcs, a subperipheral ridge in the
ventral valve, the presence of concentric rugac and a
small dorsal valve muscle ficld. Howcver, unlike
previously deseribed specics of Notoleptaena, this
species differs in having irregularly spaced coneen-
tric rugae (Fig. 6B, K, G, 1, K), a diamond shaped
musclc ficld in the ventral valve muscle ficld with
triangular shaped diductor scars and a faintly den-
ticulate hinge line (Fig. 6A, H. J, L).

Notoleptaena adamantea is further distinguish-
able from N. lingnifera and N. undulifera by lacking
any trace of radial costellae (Fig. 6B, F, G, 1, K) ora
pscudodeltidium (Fig. 6A, H, L), which may also be
lacking in N. otophera. Notoleptacna lingnifera dif-
fers further in posscssing more strongly devcloped
rugae. Notoleptaena adamantea, unlikc N. undnlif-
era and N. cf. lingnifera, also posscsscs well-devcel-
oped teeth (Fig. 6A, H, L). Whereas N. linguifera
also posscsses well-developed teeth, they lack the
crenulations present on the teeth of N, adamantea
(Fig. 6A, H, L). Dorsal valve interiors are known
only for N. mmdudifera, N. lingulifera and N. cf. lin-
guifera; these speeics and N. adamantea all posscss
a similar cardinal process, but the subtriangular me-
dian ridge of N. adamantea distinguishces it from the
other threc taxa (Fig, 6C, E, J).

An unnamed speeics of Notoleptaena from the
Lochkovian Bell Shalc of the Eldon Group of Tas-
mania was described by Gill (1950: 253) as being
comparable with neither N. linguifera nor N. oto-
phera. From the little information provided by Gill
(1950, it is only possible to differentiatc between the
Bell Shalc specimens and those from the Murrindal
Limestonc on the basis of their cardinal cxtremitics.
The specimens from the Eldon Group possess non-
alatc cardinal extremitics, whercas thosc of N.
adamantea arc variably alate (Fig. 6A, E, G, I, K). A
second unnamcd specics of Notoleptaena, described
by Talent (1965b) from the Stoddart Mcmber of the
Mount Ida Formation of Victoria, was referred to N.
otophera by Talent et al. (2001).

Family DOUVILLINIDAE Caster, 1939
Subfamily PROTODOUVILLININAE Harper &
Boucot, 1978b

Cymostrophia (Protocymostrophia) Harper &
Boucot, 1978b

Type species. By original designation of Caster
(1939: 148); Leptacna stephani Barrande, 1848,
Loehkovian Kotys Limestone, Svaty Jan pod
Skalou, Czcch Republic.

Remarks. Protocymostrophia was crected by Harper
& Boucot (1978b) as a subgenus of Mesodonvillina
for mesodouvillinids that are modcratcly to strongly
concavo-convex and possess an ornament similar to
Cymostrophia, features lacking in the other subgen-
era, M. (Mesodouviella) and M. (Mesodouvillina).
Whereas Harper & Boucot (1978b) rccognised
many similarities between M. (Protocymostrophia)
and M. (Mesodouvillina), they also noted a number
of similarities with Cymostrophia, including orna-
ment and well-developed braee plates. According to
Harper & Boucot (1978b) thesc commonalities
rarcly occur in other mesodouvillinids and Rong &
Cocks (1994) stated that such characteristics are im-
portant for diffcrentiating strophomenid genera.
This no doubt Ied Rong & Cocks (1994) and Cocks
& Rong (2000) to reclassify M. (Protocy-
wostrophia) as a subgenus of Cymostroplia.
According to Cocks & Rong (2000), C. (Proto-
cymostrophia) is distinguishable from C. (Cy-
mostrophia) by its suboval outline, gently
concavo-convex profile and weakly developed inter-
rupted rugac. Cymostrophia (Cymostroplia) pos-
sesscs a more transverse outline, a strongly convex
profilc and strongly developed interrupted rugac.

Cymostrophia (Protocymostrophia) dickinsi
(Chatterton, 1973)
Fig. 7A-E

Cymostrophia dickinsi sp. nov. Chatterton 1973: 37,
pl. 3, figs 31-33; pl. 6, figs 1-9; pl. 7,
figs 1-12; pl. 13, figs 1-5.

Cymostrophia muldticostella sp. nov. Chattcrton
1973: 42, pl. 6. figs 10-16.

?Mesodonvillina (Protocymostrophia) cf. dickisi-
Brock & Talent 1993: 235; fig. 11A, B.

Material. Figured material: AM F117250 (Fig. 7A,
B): articulated specimen from McL 417, AM



214 JAMES L. VALENTINE

F117251 (Fig. 7C): ventral valve from ROC 159; AM
F117252 (Fig. 7D): ventral valve from ROC 162; AM
F117253 (Fig. 7E): dorsal valve fragment from ROC
159. Unfigurcd material: 42 ventral valves, 17 dorsal
valves and 13 articulated specimens.

Description. See Chatterton (1973: 42).

Remarks. Chatterton (1973) assigned two new
species, C. dickinsi and C. mmlticostella, from the
Emsian ‘Recepraculites’ Limestone Member to
Cymostropliia, as they agreed the description pro-
vided by Caster (1939: 148) for Cywmostroplin.
Chatterton (1973) noted, however, these species dif-
fered from Havli¢ek’s (1967: 126) diagnosis for Cy-
mostrophia in posscssing a convex, rather than a
flat, pseudodeltidium, a feawre Chatterton (1973)
did not regard as gencrically significant. Harper &
Boucot (1978b) subsequently reassigned both
species to Mesodonvillina (Protocymostropliia) as
they lacked a notably transverse outline and the trail
was not as long as the central disk, an assessment
also followed by Brock & Talent (1993). However,
as discussed above, both specics of Chatierton’s
(1973) are reassigned to Cymostropliia herein.

Brock & Talent (1993) also synonymised C. (£.)
multicostella with C. (P.) dickinsi, although Chatter-
ton (1973) had scparated them on slight differences in
size, number of costellae, strength of the rugae, posi-
tion of maximum width of the diductor scars and how
much of the hinge line was denticulate. This syn-
onymy appears justified as C. (P) multicostella is
merely a smaller version of C. (P) dickinsi.

Cymostrophia (Protocymostroplia) ivanensis
(Barrande, 1879) closcly resembles C. () dickinsi
externally, except that a greater portion of C. (P)
fvanensis is covered with rugae (Barrande 1879).
The ventral valve muscle field of C. (P) ivanensis
tends to be more triangular in outline than that of C,
(P) dickinsi and is only divided by a fine
myophragm, rather than a grooved median ridge.
The dorsal valve muscle field of C. (P) dickinsi is
divided by a variably developed median ridge,
whercas that of C. (P) ivanensis is crossed by two
narrow and slightly anteriorly divergent ridges
which have a median septum located between them
(Barrande 1879).

Fig. 7.

Cymostrophia (Protocymostroplia) has also
been recovered from the Emsian Ukalunda Beds of
Queensland (Brock & Talent 1993). Brock & Talent
(1993) tentatively referred their material to C. (.)
dickinsi due to variation in outline and size of the
ventral valve muscle field comparcd with that de-
scribed by Chatterton (1973).

Subfamily PROTODOUVILLININAE Harper &
Boucot, 1978b

Malurostrophia Campbell & Talent, 1967

Tipe species. By original designation of Campbell &
Talent (1967: 309); Malurostroplia flabellicanda
Campbell & Talent, 1967; carly Emsian Receprac-
ulites Limestone Member of the Tacmas Limestone,
Tacmas, New South Wales, Australia.

Malurostrophia sp. ef. M. flabellicauda Campbell
& Talent, 1967
Fig. 8G-K

cf. Malurostroplia flabellicanda sp. nov. Campbell
& Talent 1967: 311, pl. 47, figs 1-16;
pl. 48, figs 1-20; pl. 49, figs 1-8; pl. 50,
figs 8-10.

?Malurostrophia flabellicanda reverta subsp. nov.
Chatterton 1973: 50, pl. 9, figs 1-10.

cf. Malurostroplia minima sp. nov. Chatterton 1973:
52, pl. 10, figs 11-29.

2Malurostroplia nira sp. nov. Chatterton 1973: 54,
pl. 10, figs 1-10.

Malurostropliia beliu sp. nov. Chatterton 1973: 55,
pl. 11, figs 1-17.

Material. Figured material: AM F117259 (Fig. 8G,
H): ventral valve from ROC 159; AM F117260 (Fig.
81, J): articulated specimen from ROC 159. AM
F126346 (Fig. 8K): ventral valve from ROC 176.9.
Unfigured material: one ventral valve and three ar-
ticulated specimens.

Description. See Chatterton (1973: 52).

Remarks. Chatterton (1973) described three new
species of Malurostrophia, M. bella, M. anra and

A-E, Cymostrophia (Protocymostrophia) dickinsi (Chatterton, 1973). A, B. dorsal and ventral views of articulated

specimen, McL 417, AM F117250, x 2. C. ventral valve interior, ROC 159, AM F117251, x 2. D, ventral valye interior, ROC
162, AM F117252, x 2. E, cardinal proeess, ROC 159, AM F117253, x 4. F-l1, Mesoleptostrophia (Paraleptosirophia) clarkei
(Chatterton, 1973). F;, dorsal valve interior, McL 420dh, AM F117254, x 5. G, dorsal view of articulated specimen, ROC 159,
AM F117255, x 2. H, ventral valve intcrior, ROC 159, AM F117256, x 2.
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M. minima and a new subspecics of M. flabellicanda,
M. flabellicauda reverta, from the Emsian ‘Receptac-
ufites’ and Warroo Limestone Members of the Tacmas
Limestonc at Tacmas. Chattcrton (1973) differentiated
thesc species on size, length from the ventral valve
beak to the beginning of the dorsal deflection of the
anteriomedian portion of the shell, the degree of ala-
tion, the angle formed by the cardinal sctal grooves
with the hinge line, the presence or absencc of a dor-
sal reversal in the growth of the lateral margins and the
height to width and length to width ratios.

Although the speeimens rccovercd from the
Murrindal Limestone fall within the range of char-
acteristics provided by Chatterton (1973) for M.
miniua, Talent et al. (2001) considered Chatterton’s
(1973) Malurostrophia species to be junior syn-
onyms of M. flabellicanda. Examination of topotype
matcrial from Taemas confirms this observation. In-
decd, the differences Chatterton (1973) uscd to dis-
tinguish the specics are minor and the specics
appear to intergrade-AM. minima to M. flabellicanda
to M. anra to M. flabellicanda reverta and M. hella.
In addition, Chatterton (1973) also mentioncd the
presence of intermediate forms that appear to link
M. mininia with M. flabellicanda and M. flabelli-
cauda with M. bella.

Dcfinitc species allocation ol the Murrindal
specimens. however, is not possible due to previ-
ously unobserved morphological variations. The
ventral valve muscle field of the Murrindal spcei-
mens ranges from ‘waisted’ (Fig. 8H) to ‘non-
waisted’ (Fig. 8K), with the muscle field of
‘waisted” forms being morc strongly bilobate than
the muscle field of ‘non-waisted” forms (Fig. 8H,
K). Only onc of Campbell & Talent’s (1967: pl. 49,
fig. 5) spccimens shows any “waisting' of the ventral
valve muscle ficld and this is only very weakly dc-
veloped. Secondly, not all the Murrindal specimens
arc alate like those recovered by Chatterton (1973)
and Campbell & Talent (1967) (Fig. 8H. J, K). Fi-
nally, the Murrindal specimens vary in their degree
of resupination — alatc forms are not as resupinate
as non-alate forms.

The only other Early Devonian occurrcnee of
Malurostroplia is M. basilica Campbell & Talent,
1967 from thc Emsian Taravale Formation at

Fig. 8.

Buchan, Vietoria. This specics differs from M. fla-
hellicauda in its greater size and in having less
strongly developed ornament. Intcrnally, M. basifica
has more sinuous muscle bounding ridges in the dor-
sal valve than M. flabellicanda and the node at the
anterior margin of the dorsal valve adductor sears is
more strongly cxpressed (Campbell & Talent 1967).

Nadiastrophia Talent, 1963

Bipe species. By original designation of Talent (1963:
62); Nadiastroplia superba Talemt, 1963 Pragian
Lower Kilgower Member of the Tabberabbera Forma-
tion, Victoria, Australia.

Remarks. Brock & Talent (1993) considered Tae-
mostrophia Chatterton, 1973 a junior synonym of
Nadiastroplia, contrary to Chatterton (1973) and
Harper & Boucot (1978b), whio accepted both gen-
cra on the basis that the ventral valve muscle Ticld of
Tuemostroplia differed by being ‘waisted’. From
their study of spccimens from the Emsian Ukalunda
Beds and Douglas Creck of Queensland, Broek &
Talent (1993) concluded that this featurc is highly
variablc. Parfrey’s (1989: pl. 1, figs 4-6) figurcs of
Taewmostrophia from the same area also show similar
variation, whercas the single specimen figured by
Hill ct al. (1967: pl. D12, fig. 3), only shows slight
‘waisting” of the ventral valve muscle ficld. Close
examination of Chatterton’s (1973: pl. 8, figs 1-19;
pl. 13, figs 6-9) figures also reveals a high dcgree of
variability in this featurc. All specimens from the
Murrindal Limestone assigned to Nadiastropliia
lack this feature. Chatterton (1973) and Harper &
Boucot (1978b) also suggested that Taeuntostrophia
can be differentiated externally from Nadiastropiia
by having a slightly raised central disk in the ventral
valve and by being slightly depressed along the
geniculate rim. Talent (1963: 62), however, de-
scribed Nadiastrophia as posscssing a slightly raised
umbonal rcgion in the ventral valve, which slopes
towards the point of geniculation. Therefore, Tue-
mostrophia should be considered synonymous with
Nadiastropliia.

According to Wang (in Wang ct al. 1974), the
typc specics of Xewostrophia, X. yukiangeusis

A-D. Nadiastrophia pannorei (Chaiterton, 1973). Al speciniens x 5. A, B, ventral valve exterior and interior, ROC

159. AM F117257. C. D, ventral and dorsal views of articulated specimen, ROC 159, AM F117258. E. . Eoschuchertella mur-
plyi (Chatterton, 1973), dorsal valve interior and cxterior, ROC 165, AM F117261, x 5. G-K, Malwostrophia sp. ¢f. M, flabel-
licauda Campbell & Talent, 1967. All specimiens x 5. G, H, ventral valve exterior and intcrior, ROC 159, AM F117259. 1, J,
ventral and dorsal views of articulated specimen, ROC 159, AM F117260. K, ventral valve interior, ROC 176.9, AM F126346.
L, M, Johnsonetes australis (McCoy, 1876), ventral and dorsal views of articulated specimen, ROC 165, AM F117262, x 5.
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(Wang, 1956) from the Emsian Yiikiang Formation
of Kwangsi Provinee, China, differs from Nadias-
trophia by being larger, having a less prominent
beak, a widely reetangular ventral valve musecle
field, shallow pallial markings and having a dorsal
valve musele field whiceh is not elevated on a plat-
form. Harper & Boucot (1978b), however, referred
X. yukiangensis 10 Nuadiastrophia. Examination of
the ventral valve musele field of X vukiangensis
shows its outline 1o be variable. The ventral valve
musele ficld of the two speeimens figured by Wang
et al. (1974: pl. 5, figs 4, 5) differs from the ventral
musele field of N. superba in being longer, broader
and in having the widest point loeated behind valve
midlength. On the other hand, the ventral valve mus-
ele field of the speeimen figured by Hou & Zian
(1975: pl. 5, fig. 10) is more in keeping with Nadi-
astrophia than Xenostrophia, being shorter and thin-
ner, with the widest point at the midlength. Rong &
Cocks (1994) belicved that generie distinetion
amongst strophomenoids ean only be made on inter-
nal features, ineluding the presence or absenee of
dental or soeket plates, musele bounding ridges, side
septa or diaphragms; character states like ornament,
dimensions, shell shape and the relative proportion
of internal struetures can be useful diseriminators at
the speeies level. Xenostrophia ean be questionably
considered synonymous with Nadiastrophia.

Nadiastrophia patmorei (Chatterton, 1973)
Fig. 8A-D

Nadiastrophia sp. nov. Hill, Playford & Woods 1967:
pl. D12, figs 3, 4.

Taucmostrophia patmorei sp. nov. Chatterton 1973:
44, pl. 8, figs 1-9; pl. 13, figs 6-9.-Harper
& Boueot 1978b: 143, pl. 28, figs 11,
13-16.-Parfrey 1989: pl. |, figs 1, 2,4, 7.

Nadiastrophia patmorei-Broek & Talent 1993: 235,
fig. 10P-T.

Material. Figured material: AM F117257 (Fig. 8A,
B): ventral valve from ROC 159; AM F 117258 (Fig.
8C, D): artieulated speeimen from ROC 159. Unfig-
ured material: 31 ventral valves and five articulated
speeimens.

Description. See Chatterton (1973: 44).
Remarks. Nadiastrophia superba from the Pragian

Lower Kilgower Member of the Tabberabbera Forma-
tion, Vietoria (Talent 1963), the Pragian Garra Lime-

stone (Lenz & Johnson 1985a) and the Loehkovian
Garra Limestone at Eurimbla, New South Wales
(Broek 2003a), elosely resembles N. patmorei from
several Emsian loealities of eastern Australia (see Hill
ct al. 1967: d.24; Chatterton 1973: 43; Parfrey 1989:
201; Broek & Talent 1993: 231). They differ, how-
ever, in that N. superba possesses a4 more strongly
bilobate musele field in the ventral valve and a
greater proportion of the hinge line is dentieulate (al-
most whole length versus half). The dorsal valve of N,
superba has a laterally directed eardinal proeess,
whereas the lobes are ventrally directed in N. pat-
morei and the soeket ridges of N. superba diverge at
a slightly shallower angle than in N. patuorei.

Numerous speeies of Nadiastrophia have been
deseribed from Early and Middle Devonian strata of
China (see Wang et al. 1987 and Chen et al. 1989
and referenecs thercin). They tend to differ from
both N. patmaorei and N. superba in possessing less
well-developed eostellae and are not as strongly
transverse or alate. Most also possess a more
strongly bilobate ventral valve muscle field than A,
patmorei and also tend to lack the degree of varia-
tion observed by 1lill et al. (1967), Chatterton
(1973), Parfrey (1989) and Brock & Talent (1993) in
the musele field outline of the ventral valve.

Nadiastrophia insignis Kaplun (in Kaplun &
Krupehenko, 1991), from the Lower Devonian
Balkhash region of Kazakhstan, is similar to N. pat-
morei externally, although it is not as transverse or alate.
However, the ventral valve musele field of N, insignis
appears to be variably bilobate, extending for most of
the valve length, and lacks evidenee of *waisting’. In ad-
dition, the ventral valve musele field of N. fnsiguis is
bounded posteriorly and anteriorly by ridges.

Harper et al. (1967: 425) also mentioned the
possible oceurrenee of Nadiastrophia, based on a
single internal mould of a ventral valve, from the
carly Emsian Reefton Group of New Zealand. As
Harper et al. (1967) did not deseribe or figure this
speeies, eomparisons are not possible.

Family LEPTOSTROPHIIDAE Caster, 1939

Mesoleptostrophia (Paraleptostrophia) Harper &
Boucot, 1978a

Tipe species. By original designation of Harper &
Bouecot (1978a: 70); Leptostrophia clarkei Chatter-
ton, 1973; early Emsian Warroo Limestone Member
of the Taemas Limestone, Taemas, New South
Wales, Australia.
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Remarks. Harper & Boucot (1978a) crected
Mesoleptostrophia for gently concavo-convex lep-
tostrophiinids with socket plates and a triangular
muscle field in the ventral valve bounded laterally by
ridges. Harper & Boucot (1978a) also divided
Mesoleptostrophia into two subgenera, M. (Mesolep-
tostrophia), which has divergent socket plates rela-
tive to the lateral margins of the eardinal process and
M. (Paraleptostrophia), which possesses socket
plates lying parallcl to the lateral margins of the car-
dinal process. Cocks & Rong (2000) separated these
genera primarily on the basis of the cardinal process
lobes-strongly posteriorly directed in M. (Paralep-
tostrophia) and rclatively small and ventro-posteri-
orly directed in M. (Mesoleptostrophia).

Unlike M. (Mesoleptostrophia), M. (Paralep-
tostrophia) has a relatively restricted distribution,
occurring only in Burma (Reed 1908; Anderson et
al. 1969; larper & Boucot 1978a) and Kazakhstan
(Kaplun & Krupchenko 1991), in addition to
Australia,

Mesoleptostrophia (Paraleptostrophia) clarkei
(Chatterton, 1973)
Fig. 7F-H

?Leptostrophia sp. Whitehouse 1929: 159.

Leptostrophia clarkei sp. nov. Chatterton 1973: 58,
pl. 12, figs 1-13; pl. 13, figs 10-17; pl. 35,
figs 12-14.

Mesoleptostrophia (Paraleptostrophia) clarkei-Par-
frey 1989: pl. 1, figs 7-17, 19-21.-Brock &
Talent 1993: 236, fig. 10U, V.

Material. Figured material: AM F117254 (Fig. 7F):
dorsal valve from McL 420dh; AM F117255 (Fig.
7G): articulated specimen from ROC 159; AM
F117256 (Fig. 7H): ventral valve from ROC 159.
Unfigured material: 29 ventral valves. seven dorsal
valves and four articulated specimens,

Description. See Chatterton (1973: 58).

Remarks. Harper & Boucot (1978a) reassigned Lep-
tostrophia clarkei from the Emsian *Receptaculites’
and Warroo Limestone Members of the Tacmas
Limestone at Tacmas (Chatterton 1973) and the Em-
sian Ukalunda Beds and Douglas Creck of Quecns-
land (Whitchouse 1929; Parfrey 1989; Brock &
Talent 1993) to M. (Paraleptostrophia), based on the

socket plates of this speceies lying subparallel to the
lateral margins of the cardinal process lobes. Speei-
mens from the Murrindal Limestone are in general
poorly preserved, the dorsal valves in particular, but
the socket plates are still observable and lie subpar-
allel to the lateral margins of the cardinal process
(Fig. 7F).

In his original deseription of M. (P) clarkei,
Chatterton (1973) did not mention the bilobed na-
ture of the muscle field in the ventral valve. Al-
though this feature appears to be variable, it is
clearly observable in Chatterton’s (1973: pl. 12, fig.
1; pl. 13, figs 16, 17) figured material. A variably
bilobate ventral valve muscle field also occurs in
specimens from the Emsian Ukalunda Beds and
Douglas Creck of Queensland (sce Parfrey 1989: pl.
1, figs 8, 9, 16 and Brock & Talent 1993: fig. 10U,
V). Material from the Murrindal Limestone also dis-
plays some degree of bilobation to the ventral valve
musele field (Fig. 7H).

Externally, M. (P) clarkei is very similar to M.
(P) padankpinensis Anderson, Boucot & Johnson,
1969, from the Eifelian Padaukpin Limestone of
Burma, although the ornament of AL () clarkei is
slightly coarser. Both valves of M. (P) padaukpinen-
sis possess only short myophores, whereas both
valves of M. (P) clarkei have a median ndge.
Mesoleptostrophia (Paraleptostroplia) lepsensis
Krupehenko (in Kaplun & Krupchenko, 1991), from
the Early Devonian northern Balkhash region of
Kazakhstan, has a greater proportion of its hinge
line covered with denticles than M. (P) clarkei (full
length versus three-quarters); the muscle sears,
though similar in outline, arc not as deeply im-
pressed as in M. (P) clarkei.

Order PRODUCTIDA Sarytcheva & Sokolskaya,
1959
Suborder CHONETIDINA Muir-Wood, 1955
Superfamily CHONETOIDEA Bronn, 1862
Family STROPHOCHONETIDAE Muir-Wood,
1962
Subfamily STROPHOCHONETINAE Muir-Wood,
1962

Johnsonetes Racheboeuf, 1987
Tipe species. By original designation of Rachcboeuf

(1987: 7); Chonetes filistriata Waleott, 1884; Emsian
of Comb’s Peak, Eurcka District, Nevada, America.
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Johnsonetes australis (MeCoy, 1876)
Fig. 8L, M

Chonetes anstralis sp. nov. MeCoy 1876: 141, pl. 35,
figs 3-5.-Gill 1951: 64, pl. 3, figs 18, 19,
21.-Talent 1956a: 41, pl. 3, figs 10, 11.

Chonetes teicherti sp. nov. Gill 1951: 70, pl. 3,
ligs 12-15.

?Protochionetes sp. Broek & Talent 1993: 236,
fig. 11C-E.

Jolmsonetes australis-Strusz 2000: 257, figs 8, 9.

Material. Figured material: AM F117262 (Fig. 8L,
M): articulated speeimen from ROC 165. Unfigured
material: 23 ventral valve fragments and 12 articu-
lated specimens.

Description. See Gill (1951: 64), Talent (1956a: 41)
and Strusz (2000: 257).

Remarks. Following Strusz (2000), this speeies is as-
signed to Jolnsonetes as the hinge spines are in-
serted asymmetrically and spine 1’ is absent, the
eardinal proeess is supported by anteriorly diver-
gent, rounded, inner socket ridges and the median
costa is enlarged only posteriorly. Jolinsonetes ans-
tralis is distinguishable from J. filistriata in possess-
ing a greater number of hinge spines and fewer,
coarser costae that increase in number oecastonally
by bifureation. No traec of the faint undulating eon-
eentric striac observed by Waleott (1884) and illus-
trated by Johnson (1970a: pl. 31, figs 9, 12) in J.
filistriata, are present inJ. australis.

Johnsonetes anstralis is closely related to J. cul-
leni (Dun, 1904) from the Emsian ‘Spirifer’ yassen-
sis, ‘Receptaculites’ and Warroo Limestone
Members of the Taemas Limestone at Taemas. Both
have a similar size, shape, tendency to develop a
weak ventral valve suleus and a prominent notothyr-
1al platform (Strusz 2000). Dun (1904) eonfidently
separated the two on the basis that /. culleni is more
strongly convex, possesses fewer and coarser ribs
and is less flattened towards the eardinal angles, but
Chatterton (1973) regarded J culleni as possibly

Fig. 9.

being synonymous with J. awstralis. He diflerenti-
ated them by the anderidia of J. ausiralis being lo-
cated on a pair of low ridges and the socket ridges
being more prominent than those of /. cuileni. Brock
& Talent (1993) and Talent et al. (2001) considered
J. culleni synonymous with J. anstralis and the ob-
served differenees a result of intraspecifie variation.
However, despite rejecting the differences cited by
Dun (1904), Strusz (2000) eonsidered J australis
and J. endleni distinet. In addition to the differenees
observed by Chatterton (1973), Strusz (2000)
stressed the flat ventral valve interarea and the
prominent protegular structures of the dorsal and
ventral valves inJ, australis and the weakly eoncave
ventral valve mterarea of J. culleni and obseure pro-
tegular structures of both valves.

Jolisonetes australis is so similar 1o J. latus
(Chatterton, 1973) from the Emsian ‘Recepiac-
nlites’ Limestone Member of the Taemas Limestone
at Taemas, that Talent et al. (2001) synonymised J/.
latus with J. australis. However, Strusz (2000) con-
sidered J lams distinct, being small, transverse with
distinetly triangular alac and having few hinge
spines and deep furrows developed between the ribs.
Internally, strongly developed anderidia and the me-
dian septum are {used to a prominent notothyrial
platform (Strusz 2000).

Jolmsonetes australis is also elosely related,
possibly even synonymous with, an unnamed
species referred to Protochonetes Muir-Wood, 1962
by Broek & Talemt (1993) Irom the Emsian
Ukalunda Beds and Douglas Creek of Queensland.
They are similar in size, the development of a suleus
in the ventral valve and internal features of the ven-
tral valve. However, the adduetor musele sears in the
ventral valve of P aunstralis tend to be more diver-
gent (Broek & Talent 1993) and the ventral valve
median septum to be thieker and shorter. The inte-
rior of the dorsal valve and the nature of the hinge
spines are not known in the speeimens from the
Ukalunda Beds and Douglas Creek (Strusz 2000).

Strusz (2000) questionably referred ?Devono-
chionetes sp. 2 of Lenz and Johnson (1985a) from
the Pragian Garra Limestone at Wellington to

A, Jolusonetes? sp. f. J. culleni (Dun, 1904), dorsal valve interior, ROC 165, AM F117263, x 5. B-D, Hesperorthi-

dac gen. ct sp. indet., exterior, interior and posterior views of dorsal valve, ROC 174.1, AM F117264, x 4, E-N, Tversella spe-
deni Chatterton, 1973, All specimens x 2. E, ventral valve interior, ROC 181, AM F117263. E dorsal valve interior, ROC 181,
AM F117266. G-J anterior, posterior, ventral and dorsal views of articulated specimen, ROC 181, AM F117267. K, dorsal valve
interior, ROC 159, AM F126347. L, ventral valve interior, ROC 159, AM F126348, M. ventral valve interior, ROC 159, AM
F126349. N, dorsal valve interior, ROC 159, AM F126350. O-W. Prokopia hillae (Chatterton, 1973). All specimens x 6. 0-Q,
exterior, internal and lateral views of dorsal valve, ROC 174.1, AM F117268. R. S, ventral valve interior and exterior, McL
420dh, AM F117269. T-W, dorsal, ventral, lateral and posterior views of articulated specimen, McL 420dh, AM F117270.

’
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Johnsonetes on the presence of a prominent no-
tothyrial platform, wide cardinal process, a well-de-
veloped dorsal valve medium septum and a weakly
impressed ventral valve musele field. 1t thus closely
resembles both J australis and J. cullent, but J. aus-
tralis is larger and more coursely ornamented
(Strusz 2000).

Johnsonetes ellesmerensis Racheboeuf, 1987,
from the Emsian lower member of the Blue Fiord
Formation, Ellesmere Island in the Canadian Arctie
Archipelago, is smaller and less strongly econcavo-
convex than J awustralts. Internally, J. ellesmereusis
has a shorter median septum in the dorsal valve and
anderidia that are not located on broad ridges. Jolu-
sonetes arcticus Racheboeuf, 1987, which ocecurs
higher in the Bluc Fiord Formation, may be distin-
guished from J. austalis by its larger size, eoncave
veniral interarea and slightly more numerous ribs.
Internally, it can be distinguished by teeth which are
oval in cross section, a weakly bilobed eardinal
proeess, anderidia that are not located on broad
ridges, and by the lack of papillae on the inner sur-
face of the dorsal valve,

Johnsonetes? sp. ef. J. eulleni (Dun, 1904)
Fig. 9A

?Chouetes culleui sp. nov. Dun 1904: 321, pl. 61,
figs 1, la.

?Protochonetes culleni-Chatterton 1973: 69, pl. 16,
figs 1-22.

Wohusouetes culleni-Strusz 2000: 260, figs 9, 10.

Material. Figured material: AM F117263 (Fig. 9A):
dorsal valve from ROC 165.

Description. See Chatterton (1973: 69) and Strusz
(2000; 260).

Rewmarks. The long, posteriorly widencd median
septum of the dorsal valve, short, wide ecardinal
process to which anteriorly divergent anderidia are
fused, and low rounded socket ridges of this speei-
men (Fig. 9A) arc all reminiscent of Jolusonetes,
particularly J. australis and J. eulleni. The well-de-
veloped alae of this specimen suggest that its affini-
ties lie with J. australis but, as the anderidia are not
raised on ridges, its affinities therefore appear to lie
with J culleni. However, as no hinge spines or
bases have been preserved in this spceimen
(Fig. 9A), its assignment to Johusouetes must re-
main doubtful,

Order ORTHOTETIDA Waagen, 1884
Suborder ORTHOTETIDINA Waagen, 1884
Superfamily CHILIDIOPSOIDEA Boucot, 1959
Family AREOSTROPHIIDAE Manankov, 1979
Subfamily ADECTORHYNCHINAE Henry &
Gordon, 1985

Eosehueliertella Gratsianova, 1974

Tipe species. By original designation of Gratsianova
(1974: 83); Eoschuchertella popovi Gratsianova,
1974; latc Emsian Malokorgonsk beds of Gorno-
Altai, southwestern Siberia, Russia.

Remarks. Eoschuchertella was proposed by Grat-
sianova (1974) to separate impunetate forms resem-
bling the pseudopunetate Schichertella Girty, 1904,
It is upon this basis that the following species has
been reassigned to Eoschuchertella.

Eosehuehertella murphyi (Chatierion, 1973)
Fig. 8E, F

Schuchertella murphyi sp. nov. Chatterton 1973: 63,
pl. 14, figs 1-17.

?Eoschuchertella cf. E. muphyi-Perry 1979: pl. 1,
figs 22-25.-7Perry 1984: 50, pl. 15,
figs 13-19.

Material. Figured material: AM F117261 (Fig. 8E,
F): dorsal valve from ROC 165. Unfigured material:
two ventral valves and four dorsal valves.

Description. Sec Chatterton (1973: 63).

Remarks. Eoscluichertella popovi differs from E.
murphyi in possessing fine costellac arising by bi-
furcation in both valves, whereas the costellac of £,
murphyi are coarser and arise through both bifurca-
tion and intercalation in both valves (Fig. 8F). Inter-
nally, E. popovi has a more strongly bilobate
cardinal process than £. murp/yi and a less strongly
convex pseudodeltidium. The internal surface of £,
wphyi is strongly and coarsely crenulate, espe-
cially around the margins (Fig. 8E), whercas the in-
ternal surface of 2 popovi is more finely and cvenly
crenulate,

Eoscliuchertella murphyi is very similar to E.
hurrenensis (Savage, 1971) from the Early Devon-
ian Garra Limestone tongue at Manildra (Savage
1971), The Gap (Farrell 1992) and Eurimbla (Brock
2003a), particularly in possessing recurved socket
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plates, features of the cardinalia, number and sizc of
costellae, and the lack of dental lamellae (Chatterton
1973). Chatterton (1973) separatcd them primarily
on the maximum size attained by mature individu-
als, with the largest specimens of £, wurplyi from
the Emsian *Receptaculites” and Warroo Limestone
Mecmbers of the Tacmas Limestone at Tacmas being
less than half the size of some specimens figurcd by
Savage (1971: pl. 73, figs 1-21). Despite only a
small number of specimens having been recovered
from the Murrindal Limestonc, their size (the largest
specimen recovered, although incomplcte, measures
7 mm in width and 4 mm in length) suggests as-
signment to E. nurplyi.

Eoschuchertella is a common component of
Early and Middle Devonian strata throughout
Canada and Alaska (Chatterton & Perry 1978).
Perry (1984) documented three species of
Eoschuchertella from the Pragian to Emsian sc-
quenecs of the Delorme Formation, one of whieh
was questionably referred to E. murphyi. Perrys
(1984) E. sp. ef. £ wmurplyi and the Australian
material are identical in terms of ornament, lack of
dental lamellac and muscle scars. The Delorme
specimens differ though in having only a wcakly
bilobed cardinal process, a feature regarded as being
of taxonomic significance by Williams & Brunton
(1993) and Brunton & Cocks (1996).

Another unnamed species of Eoschuchertella
from the carly Pragian Heceta Island of southeastern
Alaska was described by Savage (1981) as being
identical to E. burrenensis and to material described
by Johnson (1970a) from Nevada and Lenz (1977a)
from the Yukon.

Class RHYNCHONELLATA Williams, Carlson,
Brunton, Holmer & Popov, 1996
Order ORTHIDA Schuchert & Cooper, 1932
Suborder ORTHIDINA Schuchert & Cooper, 1932
Superfamily ORTHOIDEA Woodward, 1852
Family HESPERORTHIDAE Schuchert &
Coopcr, 1931

Dolerorthis sp.
Fig. ION-U

Material. Figurcd material: AM F117276 (Fig. 10N-
R): artieulated specimen from McL 417; AM
F117277 (Fig. 10S, T): ventral valve from ROC 162;
AM F117278 (Fig. 10U): dorsal valve from McL
417. Unfigured material: 11 ventral valves, one dor-
sal valve and four articulated specimens.

Remarks. The ventri-biconvex lateral profile, triangu-
lar apsacline ventral valve intcrarca with an open
delthyrium (Fig. 10P, S) and dorsal valve with an ana-
cline interarca and notothyrial platform bearing a
blade-like cardinal proeess (Fig. 10U) indicates affini-
ties with Dolerorthis (Schuchert & Cooper 1932;
Amsden 1968, 1974; Johnson ct al. 1973). Howecver,
unlike many other Dolerorthis, such as D. borealis
Lenz, 1977a, from the upper Lochkovian and lower
Pragian strata of the Delorme Formation (Lenz 1977a;
Perry 1984) and the Lochkovian Garra Limestone at
Wellington (Lenz & Johnson 1985a) and Eurimbla
(Brock 2003a) and D. ornata Lenz & Johnson, 1985a
from the Lochkovian Garra Limestonc at Wellington,
the Murrindal specimens lack third and fourth order
costellae (Fig. 10Q, R, T). The first order costellae arc
well-developed and second order costellac arise at
varying distances from the beak through bifurcation
and intercalation. The Murrindal specimens differ fur-
ther in posscssing a curved ventral valve intcrarca eleft
by a triangular dclthyrium, rather than a slit-like
delthyrium with subparallel margins (Fig. 10P, S), by
lacking well-developed growth lamellac (Fig. 10Q, R.
T) and by their smaller size (ventral valves average
5.33 mm widc and 4.04 mm long; dorsal valves aver-
age 5.81 mm wide and 4.06 mm long).

The Murrindal specimens are most similar to D.
persculpta Philip, 1962 from the latcst Lochkovian
to carliest Pragian Boola siltstone of the Tyers-Boola
arca, central Victoria. Both spceies lack third and
fourth order costellae and posscss a curved ventral
valve interarca cleft by a triangular delthyrium. The
Murrindal specimens differ primarily from D. per-
sculpta in their shightly smaller size, fewer primary
costac and lack of growth lamellac. Additional ma-
terial, particularly dorsal valves, are required before
a more positive identification is possible.

Hesperorthidae gen. et sp. indct.
Fig. 9B-D

Material. Figured material: AM F117264 (Fig. 9B-
D): dorsal valve from ROC 174.1.

Remarks. The internal features of this dorsal valve
resemble Dolerorthis in possessing well-developed,
divergent brachiophores, a simple ridge-like cardi-
nal process, a low broad, indistinct median ridge cx-
tending to valve midlength and long narrow
adduetor scars (Fig. 9C). 1t differs from Dolerorthis
thougl in posscssing only primary costae (Fig, 9B).
The costae of this specimen all arise in the beak
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arca, whercas the primary costac of Dolerorthis
arisc through bifurcation of and/or intercalation be-
tween those originating in the beak arca. Zhang
(1989) crected Flabellitesia for hesperorthids with
simple costac, an antygidium and a dorsi-biconvex
to resupinate profile. The Murrindal specimen
though is Iat in profile and lacks an antygidium
(Fig. 9D). Hesperorthis Schuchert & Cooper, 1931,
also possesses simple costae, but dilfers in posscss-
ing an antygidium as well,

This combination of features suggests the Mur-
rindal specimen may represent a new genus of hesper-
orthid with simple costae and lacking an antygidium.
Additional material is required to confirm this.

Suborder DALMANELLIDINA Moore, 1952
Superfamily DALMANELLOIDEA
Schuchert, 1913
Family DALMANELLIDAE Schuchert, 1913
Subfamily ISORTHINAE Schuchert &
Cooper, 1931

Tyersella Philip, 1962

Type species. By original designation of Philip
(1962: 197); Tyersella typica Philip, 1962; Pragian
Coopers Creek Formation, Tyers-Boola arca, ecntral
Victoria, Australia.

Remarks. Philip (1962) noted that Tyersella was
likely to be elosely related to Isorthis due to similar-
ities in ornament, musele sears, cardinal process and
the digitate dorsal pallial sinuses. Talent (1965b: 23)
believed Tyersella was ‘a typical Isorthid’ and there-
fore considered Tiersella a subgenus of fsorthis.
Despitc Johnson ct al. (1973: 18) claiming Tyersella
was ‘morphologically distinet from fsorthis’, Walm-
sley & Boucot (1975) considered Tiersella a sub-
genus of /sorthis, based primarily on similaritics
between the muscle fields of both valves. They dis-
tinguished /L (Tyersella) from the other subgenera of
Isorthis, 1. (Isorthis), 1. (Protocortezortis), 1.
(Ovalella) and 1. (Arcualla), on features of the dor-
sal valve musele field and the sockets being cxea-
vated in the valve floor. Havli¢ek (1977), Smith

Fig. 10.

(1980), Kaplun & Krupchenko (1991) and Williams
& Harper (2000) have all maintained Tversella as a
separate genus, which is followed here. This assess-
ment is based on differences in shell convexity, the
presence or absence of fuleral plates and differences
in the dorsal valve musele field,

Tyersella spedeni (Chatterton, 1973)
Fig. 9E-N

Isorthis spedeni sp. nov. Chatterton 1973: 19, pl. 1,
figs 8-22; pl. 2, figs 1-14; pl. 5,
figs 16-24; pl. 35, fig. 13.

Usorthis sp. Parfrey 1989: pl. 1, fig. 3.

Isorthis (Tyersella) spedeni-Brock & Talent 1993:
233, fig. 91-0.

Material. Figured material: AM F117265 (Fig. 9E):
ventral valve from ROC 181; AM F117266 (Fig.
9F): dorsal valve from ROC 181; AM F117267 (Fig.
9G-1): articulated specimen from ROC 181. AM
F126347 (Fig. 9K): dorsal valve from ROC 159. AM
F126348 (Fig. 9L): ventral valve from ROC 159.
AM F126349 (Fig. 9M): ventral valve from ROC
159. AM F126350 (Fig. 9N): dorsal valve from ROC
139. Unfigured material: 238 ventral valves, 257
dorsal valves and 21 articulated specimens.

Deseription. See Chatterton (1973: 19),

Remarks. Tyersella typica is larger than T, spedeni and
is nonsulcate. The dorsal valve median ridge of 7. np-
ica extends beyond the anterior margin of the musele
field (Brock & Talent 1993). In addition, 7. spedeni
differs from most other Tversella, such as T, concinna
(Hall, 1859b) and T. perelegans (Hall, 1857), in pos-
sessing a well-developed sulcus in the dorsal valve,
and having sockets raised on secondary shell mate-
rial, instcad of being excavated in the valve floor.

Ontogeny. Neanie speeimens of T, spedeni recovered
from the Murrindal Limestone are ventribiconvey,
with a variably developed shallow suleus in the
dorsal valve. Less than a dozen primary costellac arc
present with secondary costellac arising through

A-G, Resserella eareyi Chatterton, 1973, All specimens x 2. A, B, ventral valve interior and cxierior, ROC 162, AM

F117271. C, D, dorsul valve interior and exterdor, ROC 162, AM F117272. E, ventral valve interor, ROC 159, AM F126351. E,
dorsal valve exterior, ROC 159, AM F126352. G, ventral valve interior, ROC 159, AM F126353. H{-M, Bieruatium catasiun sp.
nov. All specimens x 8. H-J, holotype, exterior, posterior and interior views of dorsal valve, MeL, 520, AM £117274, K, ventral
valve interior, MeL 520, AM F117273, 1., M, dorsal valve exterior and interior. McL 520, AM F117275, N-U, Dolerorthis sp.
All specimens x 5. N-R, anterior, lateral, posterior, dorsal and ventral views of articulated specimen, McL 417, AM F117276. S,
T, ventral valve interior and exterior, ROC 162, AM F117277. U, dorsal valve interior, McL 417, AM F117278.
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intercalation and subdivision. The teeth arc small,
triangular and supported by short and strongly di-
vergent dental plates. The ventral valve musele field
is bilobate, with the diduetor sears being separated
by a low ridge upon whieh the adduetor sears are lo-
cated, with no musele bounding ridges (Fig. 9L).
The cardinal process is simple and nonlobed. The
brachiophores are strongly divergent and supported
by small brachiophore plates that extend forward as
low musele bounding ridges. The midpoint of the
musele bounding ridges is notehed, marking the
boundary between the posterior and anterior pair of
adductor scars that are otherwise indistinguishable,
The sockets are variably raised on secondary shell
material (Fig, 9K).

Sub-adult 7. spedeni are subequally biconvex,
the dorsal valve becoming more strongly convex
compared to ncanie speeimens. The ventral valve
muscle field is more firmly impressed and clongate
than in neanic speeimens and weakly developed
muscle bounding ridges are present latcrally (Fig.
9K). The cardinal proeess has beeome bilobed and
clevated on a notothyrial platform. The dorsal valve
median ridge is enlarged and the adductor sears are
separated by weakly developed ridges divergent
from the median ridge at 90°. The sockets of juve-
nile speeimens are raiscd on secondary shell mate-
rial and laek fuleral plates (Fig. 9N).

The same growth patterns observed in sub-adult
T spedeni continue into adults. In partieular, adult
speeimens are almost equally biconvex, the ventral
valve remaining slightly more strongly eonvex than
the dorsal valve (Fig. 9G, H). Internally, the musele
fields of both valves have beeome more firmly im-
pressed and the musele bounding ridges arc morc
strongly developed (Fig. 9E, F). Gerontie speeimens
appear very similar to adult speeimens. but have
more deeply impressed musele scars and more
strongly developed musele-bounding ridges in both
valves. The eardinal process of some gerontie spee-
imens is trilobed.

Subfamily PROKOPIINAE Wright, 1965
Prokopia Havlicek, 1953

Type species. By original designation of Havlidek
(1953: 6); Prokopia bouskai Havliéek, 1953;

Fig. 11.

Pragian Dvoree-Prokop Limestone, Barrandov,
Czcech Republic.

Prokopia hillac (Chatterton, 1973)
Fig. 9J-R

Muriferella hillae sp. nov. Chatterton 1973: 28, pl. 3,
figs 1-9, 11-15; pl. 35, figs 4, 5.

Prokopia hillac-Lenz. & Johnson 1985a: 53, pl. 3,
figs 1-12.

Material. Figured material: AM F117268 (Fig. 9J-
L): dorsal valve from ROC 174.1: AM F117269
(Fig. 9M. N): ventral valve from MeL 420dh; AM
F117270 (Fig. 90-R): articulated speeimen from
McL 420dh. Unfigured material: 65 ventral valves,
37 dorsal valves and 12 artieulated spceimens.

Description. See Chatterton (1973: 28).

Remarks. Following Lenz & Johnson (1985a), M.
hillae is assigned here to Prokopia on the presence
of a high trangular median septum in the dorsal
valve. Talent et al. (2001), on the other hand, placed
this speeies in synonymy with M. punctata (Talent,
1963). However, tliis synonyimy eannot be supported
as Johnson & Talent (1967: 44) stated that the me-
dian septum of Muriferella *....is not high and trian-
gular. All of the speeimens investigated show only a
slight inercase in height of the median septum in the
anterior direetion.” This statement holds true for all
other described species of Muriferella.

Some of the speeimeus assigned to £ hillae
from the Murrindal Limestone, as well as those de-
seribed by Chatterton (1973: pl. 3, figs 2, 6, 9) from
the Emsian Warroo Limestone Member of the Tac-
mas Limestone at Taemas, difter from Havlicek's
(1953) diagnosis for Prokopia in possessing fulcral
plates (Fig. 9L). Whereas Lenz & Johnson (1985a)
made no mention of fuleral plates in their deserip-
tion of P hillae from the Pragian Garra Limestone at
Wellington, their figured speeimens (pl. 3,
figs 1-12) appear to lack them, Although fuleral
plates are more eharacteristie of M. punctata than P
hillae, they arc an unreliable taxonomie featurc as
their presenec varies with the age and size of the in-
dividual (Baneroft 1945; Brock pers. comm. 2000),

Bidigitus murrindalensis gen. et sp. nov. All specimens x 8. A, B, holotype, dorsal valve interior and exierior, ROC

159, AM F117279. C, dorsal valve interior, ROC 174.1, AM F126354. D, dorsal valve interior, ROC 159, AM F117280. E,
ventral valve interior, McL 420dh, AM F126355. F, dorsal valve interior, ROC 162, AM F117281. G, H, ventral valve inic-
rior and exterior, ROC 174.1, AM F117282. 1-L., dorsal, lateral, posterior and ventral views of articulated speeimen, ROC

162, AM F117283.
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Therefore, the presence or abscnce of fuleral plates
in these specimens cannot be considered sufficiently
significant to rule out assignment of this speeies to
Prokopia.

Subfamily RESSERELLINAE Walmsley &
Boucot, 1971

Resserella Bancroft, 1928

Tipe species. By original designation of Bancroft
(1928: 54); Ortlis canalis Sowerby in Murchison,
1839; Early Silurian, Wenlock Shale, Woolhope
Inlicr, Hercfordshire, Wales.

Resserella careyi Chatterton, 1973
Fig. 10A-G

Resserella careyi sp. nov. Chatterton 1973: 23, pl. 3,
figs 10, 16-27.

Curranella careyi gen. et sp. nov. Chatterton 1973:
pl. 35, figs 1-3.

Material. Figured material: AM F117271 (Fig. 10A,
B) ventral valve from ROC 162; AM F117272
(Fig. 10C, D) dorsal valve from ROC 162; AM
F126351 (Fig. 10E): ventral valve from ROC 159;
AM F126352 (Fig. 10F): dorsal valve from ROC
159. Unfigured material: 601 ventral valves, 344
dorsal valves and 1835 articulated specimens.

Description. Sce Chatterton (1973: 23).

Remarks. Chatterton (1973: 25) noted that R. careyi is
unusual amongst Resserclla, as diagnosed by Walms-
ley & Boucot (1971: 494), in possessing teeth and
sockets that lack erenulations. However, the tecth of
R. springficldensis (Foerste, 1917) from the Wenlock
Cedarville Dolomite of Ohio, were deseribed by
Walmsley & Boucot (1971: 513) as smooth. The ven-
tral valve musele ficld of R. careyi is largely confined
to the delthyrial eavity and is chordate in juvenile to
adult speeimens (Fig. 10E-G), as scen in other
Resserella species such as R, basolis (Dalman, 1828)
and R. clongota (Dalman, 1828) (Walmsley &
Boucot 1971). The ventral valve muscle ficld of
gerontic specimens of R. careyi though is subtriangu-
lar to subpentagonal in outline (Fig. 10A). The vas-
cula media of R. careyi, as illustrated by Chatterton
(1973: pl. 3, figs 25, 27), arc subparallel in both
valves, a feature Walmsley & Boucot (1971) regard as
diagnostic of Resserella. The primary difference be-

tween R. careyi and other Resserella is the symmetri-
cal pattern of branching costellac in the medial region
of the dorsal valve (Fig. 10D, F). In contrast,
Resserella typically displays a pattern of asymmetri-
cally bifureating costellac in the medial region of the
dorsal valve (Walmsley & Boucot 1971).

Some of the Murrindal specimens differ from
Chatterton’s (1973: 23) original description of R.
careyi in possessing a short, but broad median ridge
in the ventral valve located immediately anterior of
the muscle ficld and disappcaring by valve mi-
dlegth (Fig. 10A). Resserella loganusportensis
Walmsley & Boucot, 1971 from the Pridoli Ken-
neth Limestone of Indiana and R. triangularis
(Maurcer, 1889) from the Emsian of the Rhineland,
both possess a median ridge, but it is much thinner
in R. triangudaris and does not increase in height
anteriorly as in R. logansportensis. The dorsal valve
median ridge ol R. careyi also occasionally extends
beyond the anterior margin of the diductor scars, a
feature also occurring in R. springfieldensis. As
these features tend only to occur in larger speei-
mens, it is concluded they are characteristic of
gerontie individuals.

Chatterton (1973: pl. 33, figs 1-3) figured scv-
cral specimens under the name Curranella careyi
gen. ct sp. nov, despite referring to them as
paratypes of R. careyi in the text. Strusz (1990: 9)
determined this taxon is valid under 1CZN Articles
13b and 68d, but as Chatterton (1973) obviously
changed the generie placement of C. careyi, it can
be considered a synonym of R. careyi (Strusz
1990).

Subfamily BIDIGITINAE subfam. nov.

Diagnosis. A dalmanellid with a dorsal valve me-
dian ridge bifurcating anteriorly into two linger-like
projections, that may be raised unsupported above
valve floor.

Tipe genus. By original designation herein; Bidigi-
tus gen. nov.,; Early Emsian of the Murrindal Lime-
stone, Buchan Group, Buchan, Vietoria, Australia.

Bidigitus gen. nov.

Tipe species. By original designation herein; Bidig-
itus murrindalensis sp. nov.; Emsian of the Mur-
rindal Limestone, Buchan Group, Buchan, Victoria,
Australia.
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Etymology. L., bi, two; L., digitus, finger, in refcr-
enee to the two finger-like projeetions of the bifur-
cating median ridge in the dorsal valve.

Tipe locality and horizon. ROC scetion (sample ROC
159), carly Emsian (perbonns Zonc), Murrindal Lime-
stone, Buchan Group, Buchan, Vietoria, Australia.

Diagnosis. As for subfamily by monotypy.

Bidigitus murrindalensis sp. nov.
Fig. 11A-L

Etymology. Named after the Murrindal Limestone
from whicl this speeies was rceovered.

Diagnosis. As for genus by monotypy.

Tipe material. Holotype: AM F117279 (Fig. 11A,
B): holotype, dorsal valve from ROC 159. Figured
paratypes: AM F126354 (Fig. 11C): dorsal valve
from 174.1; AM F117280 (Fig. 11D): dorsal valve
from ROC 159; AM F126355 (Fig. 11E): ventral
valve from McL 420dh; AM F117281 (Fig. 11F):
dorsal valve from ROC 162; AM F117282 (Fig.
11G, H): ventral valve from ROC 174.1; AM
FI117283 (Figs 111-L): articulated speeimen from
ROC 162. Unfigured paratypes: 81 ventral valves,
33 dorsal valves and two artieulated speecimens.

Description. Planoeonvex, subcireular to trans-
versely suboval in outline. Width and length approx-
imately cqual. Greatest width oeeurring at, or
slightly forward of] hinge line. Cardinal extremities
rounded. Ventral valve with weak fold, but median
portion more strongly eonvex than lateral slopes.
Dorsal valve with weak, anteriorly widening, sulcus.
Anterior eommissure weakly unisuleate. Ornament
finely parvicostellate.

Ventral valve interarca triangular, apsaeline and
ineurved. Delthyrium broadly triangular, enelosing
an angle of 90° that may be bloeked apieally by sec-
ondary shell material and laterally by narrow del-
tidial plates. Dorsal valve interarea low, clongately
triangular and anacline to almost eataeline. Interarca
interrupted medially by a triangular notothyrium.

Ventral valve interior with deep delthyrial eav-
ity. Non-erenulate, triangular tecth extend down to
valve floor or supported by short. stout dental plates.
Small, nonstriate crural fossettes impressed on sides
of teeth. Shallow to deep lateral cavities present be-
tween teeth or dental plates and valve wall. Musele

field chordate, largely confined to delthyrial cavity,
with gently areuate anterior margin. Diduetor and
adductor musele sears not well differentiated.
Diductors appear to extend further forward than, but
do not completely cnelose, adduetors. Adductor
sears broader than diductor sears. Musele ficld may
be clevated slightly relative to valve floor. Inner sur-
face smooth, apart from crenulated margins.

Dorsal valve interior with posteriorly bilobed
cardinal proeess and myophore. Shaft of eardinal
proecss joins narrow, posteriorly grooved, median
ridge. Median ridge low, broad, dividing musele
ficld. Median ridge bifureating slightly posterior of
anterior margin of musele field into two finger-like
projections extending beyond anterior margin of
musele field, and may be raised. unsupported above
valve floor. Brachiophores thickened, rod-like and
diverge at 85°. Brachiophore plates eontinue for-
ward as low muscle bounding ridges laterally, fading
away anteriorly. Sockets exeavated in valve floor
and lacking fuleral plates. Musele field subtriangu-
lar, narrowing anteriorly and not obviously divided
into posterior and anterior pairs of adduetor sears.
Inner surface punetate with erenulated margins.

Measurements. Dimensions are shown in Fig. 12.
Avcrage ventral valve width 5.59 mm, length 4.32
mm. Average dorsal valve width 8.9 mm, length is
6.2 mm.

Remarks. Bidigitus is assigned to the new subfamily,
Bidigitinae, within the Dalmanellidae based on its
weakly ventribieonvex to planoeonvex profile,
ehordate ventral valve musele ficld that is largely
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Fig. 12.  Dimensions for Bidigitus murrindalensis gen. et
sp. nov. Length vs width of m ventral (n = 28) and @ dorsal
valves (n = 10).
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confined to the delthyrial cavity and diductor scars
that do not enclose the adductor scars (Fig. 11E). In
the dorsal valve simple rod-like brachiophores are
supported by brachiophore plates and fulcral plates
are absent (Fig. 11A, C). Bidigitus is distinguished
from all other dalmanellid subfamilics by a dorsal
valve median ridge that bifurcates anteriorly into
two finger-like projections, that in some specimens
stand frce of the valve floor (Fig. 111).

The finger-like projections of the median ridge
of B. mrrindalensis probably functioned as acces-
sory lophophore supports to the brachiophores. An
analogous structure can be obscrved in the species
of the acrotretid, Acrotretella, such as A. goldapien-
sis Biernat & Harper, 1999 and A. triseptata Mcrgl,
2001. In addition to the mcdian septum, these
species also possess lateral accessary septa, provid-
ing extra support for the lophophore.

Bidigitus mwrrindalensis has a stratigraphic
range extending throughout the ROC scction of the
Murrindal Limestone, but only occurs in the lower
sampled horizons of the McL scction (Tables 1, 2).
Talent (pers. comm. 2000) however, has indicated
that B. murrindalensis also occurs in latest Pragian
to carly Emsian Buchan Caves Limestonc.

Outogeny. Neanic B. murrindalensis recovered arc
all incomplete. The shells are ventri-biconvex with a
deep, broad sulcus in the dorsal valve, whereas the
ventral valve is cvenly convex. The triangular ven-
tral valve interarea is sieeply anacline and is flat or
slightly curved. The delthyrium is blocked laterally
by small deltidial plates, whieh may or may not join
together posteriorly to block the apex of the
delthyrium (Fig. 10F). The dorsal valve interarea is
flat and anaclinc. Internally, the ventral valve pos-
scsses a decp delthyrial cavity to which the cordate
to subtriangular muscle field is largely conlined.
The tecth are strongly developed, triangular in cross
section and fused directly to the valve wall. Some
specimens possess faintly impressed crural fos-
settes. Lateral cavities developed as shallow depres-
sions only (Fig. 10F). The dorsal valve posscsses
long flattened brachiophores supportcd by variably
devcloped brachiophore plates that continue forward
as faint muscle bounding ridgcs. The cardinal
proccss occurs as a simple, unlobed ridge, continu-
ous with the broad, low median ridge, which bears a
groove cxtending along its length. The two thin, fin-
ger-like bifurcations of the median ridge are raised,
unsupported above the valve floor. The muscle-field
is subtriangular and not obviously quadripartite. The

triangular sockets, variably raised on sccondary
shell material, are covered posteriorly by the dorsal
valve interarea (Fig. 10C).

Juvenile specimens of B. mwrrindaleusis pos-
sess featurcs intcrmediate between those of earlicr
and later growth stages. An apparent exception to
this is the presence of a weakly developed fold, or
cven a keel, in the ventral valve of some specimens.
Such a feature is not scen in other growth stages. In
addition, punctae are clearly visible in both valves of
juvenile specimens.

Sub-adult to adult specimens of B. murrindalen-
sis are planoeonvex, the dorsal valve suleus having
become indistinet (Fig. 101, K). Internally, the mus-
cle fields of both valves are more firmly impressed
and the ventral valve muscle field is largely con-
fined to the delthyrial cavity and has an elcvated an-
terior margin. The teeth are strong, robust and
supported in some specimens by short, stout dental
plates with strongly impressed crural fossettes. Lat-
eral cavities well developed and distinet (Fig. 11G).
The dorsal valve muscle field is bounded by thicker
ridges and is clevated above the valve floor. The car-
dinal process is bilobed in all specimens. The bra-
chiophores are thickened and the sockets of all adult
specimens are raised on sccondary shell material.
The groove on the median ridge is indistinct, partic-
ularly posteriorly. The bifurcating prongs of the me-
dian ridge are fuscd to the valve floor throughout
their length in most specimens (Fig. 11A, D, F).

The only gerontic specimens recovered arc two
dorsal valves. These arc both flat, with only the
faintest trace of a sulcus. Internally, these specimens
differ most notably from adult specimens in pos-
scssing a prominent bilobed to trilobed cardinal
process that fills the notothyrium.

Family MYSTROPHORIDAE Schuchert &
Cooper, 1931

Bicrnatium Havli¢ck, 1975

Tipe species. By original designation of Havlié¢ek
(1975: 234); Skenidivin fullox Giirich, 1896; Givet-
ian of the Celechovice na 1ane (upper ‘red’ horizon)
of Moravia.

Remarks. Bicrnat (1959) placed B. fallax in syn-
onymy with Kayserella lepida (Schnur, 1853) as she
considered the internal features of the dorsal valves
identical. This assessment cannot be supported as
the cruralium of B. follax is long, narrow and
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extends almost to the anterior margin (Havli¢ck
1977), whereas the eruralium of Kayersella Hall &
Clarke, 1892 is restricted to the posterior portion of’
the valve (Biernat 1959). Mystrophora Kayser,
1871, unlike Bieruatium, possesses a median ridge
in the ventral valve (Havliéek 1977, Harper 2000).
Planicardinia Savage, 1968 from the Loclkovian
tonguc of Garra Limestone at Manildra, in contrast
to Biernatinm, possesses a vertical, spoon-shaped
ceruralium. Members of the Protorthida possessing a
eruralium, like Skenidioides Schuchert & Cooper,
1931, differ from Biernatinm in possessing an open
delthyrium, a frec spondylium and are impunetate
(Williams & Harper 2000).

Biernatium catastum sp. nov.
Fig. 10H-M

Etvimology. L. catastu, stage, platform, scaffold; in
referenec to the diamond-shaped cruralium.

Diagnosis. Biernatinm with an clongate, diamond-
shaped eruralium in the dorsal valve.

Tipe waterial. Holotype: AM F117274 (Fig. 10H-J):
dorsal valve from McL 520. Figurcd paratypes: AM
F117273 (Fig. 10K): ventral valve from MeL 520
AM F117275 (Fig. 10L, M): dorsal valve from McL,
520. Unfigured paratypes: 12 ventral valves, 18 dor-
sal valves and one articulated speeimen.

Type horizon and locality. McL scetion (sample
MeL 520), Emsian (perbouns Zone), Murrindal
Limestone, Buchan Group, Buchan, Vietoria,
Australia,

Description. Ventribiconvex shells, transversely
suboval in outline. Length tending to be slightly
greater than width, Cardinal extremities rounded
right angles. Maximum width oecurring at, or
slightly posterior of, midlength. Ventral valve sub-
pyramidal, occasionally with a weakly devcloped
fold. Dorsal valve weakly convex with well-devel-
opcd suleus extending from beak to anterior margin,
becoming broader and deeper anteriorly. Base of
sulcus angular. Anterior commissure unisulcate, Or-
nament of subangular costac and occasional growth
lines.

Ventral valve interarea triangular, steeply ap-
sacline to almost catacline and slightly curved.
Delthyrium triangular, higher than wide, enclosing
angle of 70° Delthyrium restricted apically by
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Fig. 13.  Dimensions for Biernatium catastum sp. nov.

Length vs width of m ventral (# = 4) and e dorsal valves
(n=5).

minute plate and laterally by thin deltidial plates.
Dorsal valve interarca triangular, wider than high,
steeply anacline and flat. Notothyrium broadly trian-
gular and blocked apically by cardinal process.

Ventral valve interior with deep delthyrial cav-
ity. Tecth flat, triangular and supported by recessive,
subparallel dental plates. Muscle field subtriangular
and confined largely to posterior half of delthyrial
cavity. Anterior margin of muscle ficld gently arcu-
ate and raised above valve floor. Diductor scars
slightly longer than adductor scars, but do not cn-
closc adductors anteriorly. Adductor scars broader
than diductors. Inner surface fincly erenulate with a
suggestion of punctation.

Dorsal valve interior with thickened, ridge-like
cardinal process (bilobed in one specimen) with
myophore and shaft continuous with median sep-
tum. Sockets shallow, raised above valve floor on
sccondary shell material, lacking fuleral plates. In-
terarea covers posterior portion of sockets. Median
septum thin, triangular in side view, reaching maxi-
mum height close to anterior margin and ending at
anterior margin. Braehiophores long, triangularly
pointed and divergent at 110°. Thin brachiophore
plates convergent onto median septum, forming a
diamond-shaped eruralium extending at least to
valve midlength. Cruralium deeply concave and at-
tached to valve floor posteriorly, rising anteriorly at
30°, becoming shallower as its height increases.
Cruralium divided into four ficlds by median sep-
tum and two low, rounded and indistinct ridges, con-
vergent towards cardinal process. Inner surface

punctate and marked, at least marginally, by finc
crenulations.
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Measurements. Dimensions are shown in Fig. 13. Av-
erage ventral valve width 5.44 mm, length 3.2 mm.
Avcrage dorsal valve width 4.96 mm, length 3.23 mm.,

Remarks. Biernatinm eatastum differs from B. fallax
from the Givetian shales of the Grzcgorzowice-
Skaly scction of the Holy Cross Mountains of
Poland (Havlicek 1977), Givetian of the Ccle-
chovice na Hane (upper “red’ horizon) of Moravia
(Fichner & Havlicek 1978) and questionably from
the Eifelian of Padaukpin (Northern Shan States),
Burma (Havlicck 1975, 1977), primarily on features
of the cruralium. The cruralium of B. fullux ariscs
from widely divergent brachiophores situated sub-
parallel to the hinge line, making the cruralium tri-
angular in shape and much narrower anteriorly than
the cruralium of B. catastum. The cruralium of B.
Sfallax also possesses a weak undulation at its mid-
point that, according to Havli¢ck (1977), resembles
the quadripartite condition of the eruralium of Mys-
trophora arcola (Quenstedt, 1871). Biernatinm cat-
astum lacks this feature (Fig. 10H, 1, L), In addition,
the outline of B. fallax, which is semi-oval or scmi-
circular, differs from the transversely suboval out-
line of B. catastun.

The Murrindal specimens appear most closcly
related to B. simplicior (Barrande, 1879) from the
Pragian Koncprusy Limestonc of the Czech Repub-
lic (Havlicek 1977). Both posscss a long cruralium,
a high, triangular median septum and a delthyrium
blocked laterally by thin deltidial plates and apically
by a tiny plate (Fig. 10J). However, according to the
diagnosis given by HavliGek (1977: 208), the cru-
ralium of B. simplicior, like the cruralium of B. fal-
lax, appears to be triangular in shape, suggesting
that the brachiophores of B. simplicior are more
widcly divergent than those of B. catastuni. Dircet
compirisons, however, are not possible as neither
Barrande (1879) nor Havliéck (1977) illustrated the
dorsal valve interior of B. simplicior.

Kayserella emanuelensis Veevers, 1959, from
the Frasnian of the Fitzroy Basin of Western Aus-
tralia, is rcassigned hercin to Biernatium following
Havlicck (1977), on the basis that the cruralium cx-
tends almost to the anterior margin. However, the
cruralium ol B. emanuelensis differs markedly from
other members of this genus in remaining narrow

Fig. 14.

throughout its length and possessing undulating,
rather than straight cdges. In addition, the median
septum of B. emanuelensis reaches its highest point
around valve midlength, whereas in B. catastum this
fecature occurs closer to the anterior margin
(Fig. 101, L).

Family RHIPIDOMELLIDAE Schuchert, 1913
Subfamily RHIPIDOMELLINAE Schuchert, 1913

Aulacella Schuchert & Cooper, 1931

Type species. By original designation of Schuchert
& Cooper (1931: 246); Orthis ecifliensis Schuour,
1853; Eifelian of the 'Kalk’ of the Eifel, Germany.

Aulacclia philipi Chatterton, 1973
Fig. 14A-1

Aulacella philipi sp. nov. Chattcrton 1973: 31, pl. 4,
figs 13-20; pl. 5, figs 9-15; pl. 35, figs 10,
11.-Brock & Talent 1993: 233, fig. 10A-O.

Aulacella stoermeri sp. nov. Chatterton 1973: 34,
pl. 4, figs 1-12; pl. 5, figs 1-8.

Material. Figured material: AM F117284 (Fig. 14A,
B): ventral valve from McL 420dh; AM F117285
(Fig. 14C, D). dorsal valve from McL 420dh; AM
F117286 (Fig. 14E-1): articulated specimen from
ROC 165. Unfigurcd material: 56 ventral valves, 91
dorsal valves and cight articulated specimens.

Description. See Chatterton (1973: 31).

Remarks. Chatterton (1973) described two new
speeies of Aulacella, A. philipi and A. stoermeri
from the Emsian ‘Receptaculites’ and Warroo Lime-
stone Mcmbers of the Tacmas Limestone at Tacmas.
He differcntiated between them on slight differences
in the position of maximum width, length of the
hinge line compared to maximum width, degree of
flabellation of the diductor scars and the amount of
scalloping of the lateral muscle bounding ridges in
the muscle ficld of the ventral valve. However, Chat-
terton (1973: 34) and Brock & Talent (1993: 233)
noted that considerable variation oecurs in many
features of A. philipi. Therefore, these diflerenecs

A-l, Aulacella phitipi Chatterton, 1973. All specimens x 3. A, B, ventral valve interior and exterior, McL 420dh,

AM F117284. C, 1, dorsal valve interior and exterior, MeL 420dh, AM F117285. E-l, dorsal, ventral, anterior, posterior and
lateral views of articulated specimen, ROC 165, AM F117286. J-M, Foglossinotoechia linki Chatterton, 1973, ventral, dor-
sal, posterior and anterior views of articulated specimen, ROC 162, AM F117287, x7. N-Q, "Puguax’ oepiki Chaiterton, 1973,
N-Q, dorsal, posterior, ventral and lateral views of articulated speeimen, MeL 417, AFM117288, x 4.
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are eonsidered to fall within the range of intraspe-
cifie variation.

Chatterton (1973) and Brock & Talent (1993) be-
lieved A. plilipi to be elosely related to the type
speeies, A. eifliensis from the Eifelian of Germany and
Poland. Chatterton (1973) separated these two species
on the basis that A. philipi has less rounded eostellae
and smaller brachiophore plates and teeth. However,
given the eonsiderable level of intraspeeific variation
displayed by /. philipi, Chatterton (1973: 34) stated
that it was difficult to separate the two species on other
charaeteristies. Broek & Talent (1993) believed these
variations may not be signifieant at the speeies level
and that A. philipi could be a junior synonym of 4. ¢i-
iensis. However, comparisons between the two
species are diffieult due to the considerable level of in-
traspeeific variation displayed.

Order RHYNCHONELLIDA Khun, 1949
Superfamily UNCINULOIDEA Rzhonsnitskaya,
1956
Family GLOSSINOTOECHIIDAE Havlicek, 1992

Eoglossinotoechia Havliéek, 1959a

Tipe species. By original designation of Havlic¢ek
(1959a:  81); FEoglossinotoechia  cacuminata
Havliéek, 1959a; late Loehkovian-Pragian of the
Slivenee Limestone, Dvoree, Czech Republie.

Eoglossinotoechia linki Chatterton, 1973
Fig. 14J-M

FEoglossinotoechia linki sp. nov. Chatterton 1973:
120, pl. 31, figs 1-22, 27.-Xu 1987: 38,
pl. 3, fig. 21.

Material. Figured material: AM F117287 (Fig. 14J-
M): artieulated specimen from ROC 162. Unfigured
material: 14 artieulated speeimens.

Description. See Chatterton (1973: 120).

Remarks. The speeimens assigned to E£. /inki from
the Murrindal Limestone elosely resemble those re-
covered by Chatterton (1973) from the Emsian ‘Re-
ceptaculites’ Limestone Member at Taemas.
However, as only articulated speeimens have been
recovered from the Murrindal Limestone, a compar-
ison of internal features is not possible. The Mur-
rindal speeimens differ most notably though from
those deseribed by Chatterton (1973) in being

smaller (Fig. 15), but only four of the specimens re-
covered were eomplete cnough to obtain aceurate di-
mensions. The Murrindal specimens also possess
less pronouneed costac, most likely related to their
smaller size.

Eoglossinotoechia linki has also documented by
Xu (1987) from the Pragian Daredong Formation of
China. The single specimen figured by Xu (1987: pl.
3, fig. 21) has 21 plications developed along the an-
terior and lateral margins, and falls within the range
of 20 to 28 plications cstablished by Chatterton
(1973) for mature specimens of E. linki. Like
E. linki from the ‘Receptaculites’ Limestone Mem-
ber, those from the Daredong Formation are larger
than the Murrindal speeimens (Fig. 15).

Foglossinotoechia linki difiers from E. cactmi-
nata from the Silurian and Lower Devonian of the
Czech Republie (Havliéek 1959a), in possessing
fewer and more prominent eostae, a less econvex ven-
tral valve and a more obviously bilobate eardinal
proeess. Other Eoglossinotoechia from the same
area, such as E. mystica Havlicek, 1959a and E. syl-
phidea (Barrande, 1847). possess fewer and less
well-developed eostae than E. linki. None of the
Devonian speeies of Eoglossinotoechia reported
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Fig. 15.  Comparison of Eoglossinotoechia linki from the

Emsian 'Receptaculites’ Limestone Member at Taemas
(average width 16.7 mm; length 6.33 mm: height 4.07 mm)
(Chatterton 1973: fig. 40), with £. linki from the Murrindal
Limestone (average width 4.2 mm; Iength 4.65 mm; height
2.81 mm) and E. {inki from the Pragian Daredong Forma-
tion of China (Xu 1987: pl. 3, fig. 21). Length vs width of
@ Murrindal (n = 4), O Tacmas (1 = 24) and A Daredong
specimens (# = 1), Height vs width of m Murrindal (1 =4)
and [ Taemas specimens (1 = 27).
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from Morocco by Drot (1964) appears closely re-
lated to E. linki (Chatterton 1973).

Chatterton’s (1973) report of £. Jinki from Tae-
mas was the first recorded oceurrenee of this genus
in Australia. Sinec then, only one additional species
of Eoglossinotoechia has been reported from Aus-
tralia, E. catombalensis Lenz & Johnson, 1985b
from the Pragian Garra Limestone at Wellington
(Lenz & Johnson 1985b) and the Lochkovian Garra
Limestone at Eurimbla (Brock 2003b) possesses
fewer (12 to 18) and more rounded costac that are de-
veloped over the entire shell. The eostae of £. Jinki,
on the other hand, are flatter, more numerous (20 to
28) and only developed marginally. The ventral valve
musele field of £. catombalensis is subtriangular in
outline, weakly impressed and divided by a promi-
nent median ridge, whereas the ventral valve musele
field of £. linki is more variable in outline, strongly
impressed and is not divided by a median ridge. In
addition, the dorsal valve of E. /inki contains a sep-
talium, which is not developed in £. catombalensis.

Superfamily PUGNACOIDEA Rzhonsnitskaya,
1956
Family PUGNACIDAE Rzhonsnitskaya, 1956

Pugnax Hall & Clarke, 1893

Tipe species. By subsequent designation of 1CZN
Opinion 420 (1956: 134); Tercbratla acuminata
Sowerby, 18225 Visnean subzone D2, Dernyshire,
Thorpe Cloud, England.

‘Pugnax’ oepiki Chatterton, 1973
Figs 14N-Q, 16A-1

‘Pugnax’ oepiki Chatterton 1973: 123, pl. 32,
figs 25-41.

Material. Figured material: AM F117288 (Figs 14N-
Q; 1061): articulated speeimen from MeL 417; AM
F117289 (Fig. 16A): articulated speeimen from ROC
162; AM F117290 (Fig. 16B): artieulated specimen
from ROC 162; AM F117291 (Fig. 16C): articulated
speeimen from ROC 162; AM F117292 (Fig. 16D):
articulated specimen from ROC 162; AM F117293
(Fig. 16E): articulated speeimen from ROC 162; AM
F117294 (Fig. 16I): articulated specimen from ROC
162; AM F117295 (Fig. 16G): articulated speeimen
from ROC 162; AM F117296 (Fig. 1611): articulated
speeimen from ROC 165; AM F117288 (Fig. 161): ar-
ticulated speeimen from MeL 417. Unfigured mate-

rial: 11 ventral valve fragments, two dorsal valve
fragments and 36 articulated speeimens.

Description. See Chatterton (1973; 123).

Remarks., Chatterton (1973) questionably assigned
this speeies to Pugnax on the basis of a few dorsal
valve interiors showing that the erural bases arc ex-
tended dorsally, fused with the valve floor, and do
not converge towards a median septum to form a
septalium. Chatterton (1973: 125) also noted this
species possesses similarities with Parapugnax,
such as a well-defined fold and suleus and a ventral
valve that is not flat or coneave posteriorly. In addi-
tion, this species differs from most other pugnacids.
ineluding the type specics, in possessing a thin, pos-
teriorly perforated hinge plate that unites the erural
bases (Chatterton 1973). This suite of characteristies
led Talent et al. (2001) to propose that ‘P’ oepiki
may represent a new genus of Pugnacidae, but addi-
tional dorsal valve interiors are required before a
more positive generie identification is possible.
None of the specimens recovered from the Mur-
rindal Limestone show any internal struetures.

Order SPIRIFERIDA Waagen, 1883

Remarks. The higher level elassification used for the
Spiriferida hercin follows that of Carter et al.
(1994).

Suborder SPIRIFERACEA Waagen, 1883
Superfamily CYRTIOIDEA Frederiks, 1924
Family SPINELLIDAE Johnson, 1970
Subfamily SPINELLINAE Johnson, 1970

Spinella Talent, 1956a

Bipe species. By original designation of Talent
(1956a: 21); Spinella huchanensis buchanensis Tal-
ent, 19506a; latest Pragian to carly Emsian Buchan
Caves Limestone, Buchan Group, Buchan, Vietoria,
Australia.

Spinella buchanensis buchanensis Talent, 1956a
Figs 16J, K, 17A, B

Spirifera laevicostata-MeCoy 1876: pl. 35, figs 2-2b.

Spirifer yassensis-Chapman 1905; 16, pl. 5, figs 2, 3.-
?Chapman 1914: 161, fig. 86L.

Spinella buchanensis sp. nov, Talent 1956a: 22, pl. 1,
figs 1-5; pl. 2, figs 5-7.
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2Spinella? sp. aff. S. buehanensis-Talent 1963: 83,
pl. 53, figs 7-9.

Material. Figured material: AM F117297 (Fig. 16),
K): ventral valve from ROC 162; AM F117298
(Fig. 17A, B): dorsal valve from ROC 159. Unfig-
ured material: 24 ventral valves, three dorsal valves
and one articulated specimen.

Deseription. See Talent (1956a: 22).

Remarks. Talent (1956a) divided S. buehanensis into
three new subspeeies, S. b, buchanensis, S. b. scis-
sura and S. b, philipi that differ primarily in the
number of plications and in the arrangement of
spine bases. The Murrindal speeimens are conspe-
cifiec with S b buehanensis, possessing lateral
stopes with 1 to 14 simple plications. No spine
bases were obscrved. In comparison, S. b. philipi is
more obese, has lateral slopes bearing 13 to 18 sim-
ple plications and has a more strongly incurved ven-
tral valve beak. Spinella buchanensis scissura is
distinguished by lateral slopes with only 10 to 11
plications and by the plications flanking the sinus
bearing a median groove (Talent 1956a). In addition,
S. b. buelianensis is present not only throughout the
Buchan Caves Limestone, but also extends up into
the overlying Taravale Formation. The other two
subspecies have relatively restrieted stratigraphic
ranges, being eonfined to the uppermost parts of the
Buchan Caves Limestone (Talent 1956a).

Spinella maga Talent, 1956a, also from the
Buchan Caves Limestone, possesses a greater number
of plications (lateral slopes bear 18 to 20 plications), a
more strongly incurved ventral valve beak and a gran-
ular surface ornament compared to S. b. buchanensis.
Spinella yassensis (de Koninck, 1876), from Tacmas
(Chatterton 1973) and the Emsian Lick Hole Forma-
tion at Ravine (Strusz et al. 1970), is distinguishable
by its smaller size, more elongate shell, higher fold,
greater number of plications and a mieroornament of
more clongate spinc bases. Spinella pittmani (Dun,
1904), from the Emsian Gleninga Formation of the
Yarra Yarra Creck Group and the late Pragian to early
Emsian Trofls Formation (Dun 1904; Sherwin 1995;
Foldvary 2000), is similar in size to S, b. buehanensis.
However, S. b. buchanensis is more transverse and has
a more rounded suleus (Sherwin 1995).

Fig. 16.

Spinella talenti Johnson, 1970a, from the Lower
Devonian of Lone Mountain, Nevada, differs prima-
rily in possessing a microornament of radial striac
and tends to have flatter plications, but, as noted by
both Talent (1956a: 27) and Johnson (1970a: 205),
some speeimens of S. b, buchanensis also have rela-
tively flat plications. Perry (1984) questionably re-
ferred a dorsal valve fragment from the Pragian beds
of the Delorme Formation to Spinella, which he de-
scribed as being internally very similar to S. talent.

Spinella ineerta (Fuchs in Spriestersback &
Fuchs, 1909), deseribed by Vandereammen (1963)
from the carly Emsian of Belgium, appears markedly
different from S. b. buchanensis. It possesses more
numerous and finer plications and a sulcus lacking
any eostae. The microornament of S. ineerta also dif-
fers in eonsisting of subeylindrieal spine bases.

Spinella yassensis (de Koninck, 1876)
Fig. 17C-G

Spirifer yassensis de Koninck 1876: 104, pl. 3,
fig. 6-6b.-de Koninck 1898: 83, pl. 3
fig. 6-6b.-Sussmileh 1914: fig, 23, 6-6b.-
Sussmileh 1922: fig. 23, 6-6b.

Spirifer latisinuatus de Koninek 1876: 105, pl. 3,
fig. 7-7b.-de Koninck 1898: 84, pl. 3
fig. 7-7b.

Spinella yassensis yassensis-Strusz, Chatterton &
Flood 1970: 176, pl. 7, figs 1-14; pl. 8,
figs 1-3, 7, 9-10; pl. 9, fig. 6.

Spinella yassensis ravinia n. subsp. Flood (in Strusz,
Chatterton & Flood 1970): 179, pl. 9,
figs 1-14, 17.

Spinella yassensis, n, subsp? Strusz, Chatterton &
Flood 1970: 181, pl. 8, figs 4-6, 8.

Spinella yassensis-Chatterton  1973: 103, pl. 26,
figs 1~13; pl. 30, figs 16-20.

Material. Figured material: AM F117299 (Fig. 17C-
G): artieulated specimen from ROC 165. Unfigured
material: one ventral valve,

Remarks. Flood (in Strusz et al. 1970) erected the
new subspeeics, S. y. ravinia, which was defined as
having a significantly shallower shell with a nar-
rower and flatter fold and a slightly higher number
of plications than S. y. yassensis. Following Talent ct

A-L, "Pugnax’ oepiki Chatterton, 1973, All specimens x 4. All dorsal vicws of articulated specimens. A-G, ROC

162, AM Fs117289-117295. H, ROC 165, AM F117296.1, McL 417, AM F117288. J, K, Spinella buchanensis buchanensis
Talent, 1956a, veniral valve interior and exterior, ROC 162, AM F117297, x 3.
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al. (2001), however, these differenees are not
eonsidered great enough to warrant their separation
from S. 3. yassensis.

Strusz et al. (1970) also documented Spincila
yassensis n. subsp? from the base of the Emsian
‘Receptaculites™ Limestone Member at Taemas. 1t
was described as being slightly larger, having a
greater variability in shape and the curvature ol the
ventral valve interarea being less pronouneed than S.
1. yassensis. Statistical comparisons showed signifi-
cant differences between S. yassensis n. subsp? and
S. y. vassensis in terms of shape and relative width
of the fold. However, as pointed out by Strusz et al.
(1970: 181), only a handful of speeimens were avail-
able for study and therefore any differences must be
considered inconclusive. Until additional material is
obtained designation of the Tacmas form of S.
yassensis as a new subspeeies appears unwarranted.

Spinella yasseusis differs from S. bnchaneusis in
being smaller, more clongate, possessing a higher
fold, a greater number of plications in some larger
speeimens and a microornament consisting of more
clongate spine bases. Spinella inaga possesses signif-
icantly more plications and growth lamellac that arc
only oecasionally developed. Spinella yassensis ap-
pears very similar to S. pittnani, but is smaller and
some have a ventral valve musele field that is radially,
rather than longitudinally, striate (Sherwin 1995).

Superfamily AMBOCOELIOIDEA George, 1931
Family AMBOCOELINDAE George, 1931
Subfamily RHYNCHOSPIRIFERINAE
Paulus, 1957

Amboeoelia 11all, 1860
Type species. By original designation of Hall (1860:
71); Orthis mnbonata Conrad, 1842; Middle Devon-
ian Hamilton Group, New York, America.
Amboeoelia sp. aff. A. runnegari
(Chatterton, 1973)
Figs 17H, 1, 18A-C

aff. dmbothyris runnegari sp. nov. Chatterton 1973:
99, pl. 19, figs 1-14,

Fig. 17.

Material. Figured material: AM F117300 (Fig. 17H,
I): dorsal valve from MeL 520; AM F117301
(Fig. 18A, B): ventral valve from MeL 520; AM
F117302 (Fig 18C): articulated speeimen from MeL
520. Unfigured material: 15 ventral valves, 12 dor-
sal valves and three articulated specimens.

Description. See Chatterton (1973: 99).

Remarks. Chatterton (1973) assigned this speeics
from the Emsian ‘Recepraculites’ and Warroo
Limestone Members of the Taemas Limestone at
Taemas to Ambothyris George, 1931 as it closely
matched Havliéek’s (1959b: 176) diagnosis for Am-
hothyris, only differing in possessing a rod-like
plate in the apex of the delthyrium and the erural
plates are not united to form a eruralium. Examina-
tion of Chatterton’s (1973: pl. 19, figs 13, 14) fig-
ured material however indicates that crural plates
are lacking in A. runnegari. As in the Murrindal
speeimens, the erura appear to be supported by
erural bases only, which extend forward for about
one third of the shell length (Fig. 17H). Following
Carter et al. (1994), this species is therefore reas-
signed to Ambocoelia.

Although closely resembling A. runuegari in
terms of profile, outline and ornament, the Mur-
rindal specimens differ from Chatterton’s (1973)
material in possessing more variably developed
dorsal and ventral valve sulei and laek the rod-like
plate in the apex of the delthyrium (Fig. 18B, C).
Only onc speeimen shows any trace of median
ridge in the ventral valve (Fig. 18B). However, as
few of the Murrindal speeimens are free from see-
ondary infilling, it is not possible to determine the
presence of absence of a median ridge in the ven-
tral valve, Comparison of microornament is not
possible as none has been preserved in the Mur-
rindal specimens. Alternatively, the Murrindal
specimens may represent a new speeies closely re-
lated to A. rannnegari.

Suborder DELTHYRIDINA lIvanova, 1972
Superfamily DELTHYRIDOIDEA Philips, 1841
Family DELTHYRIDIDAE Phillips, 1841
Subfamily DELTHYRIDINAE Phillips, 1841

A, B, Spinella buchanensis buchanensis Talent, 1956a, dorsal valve interior and exterior, ROC 159, AM F117298,

x 3. C-G, Spinella yassensis (de Koninek, 1876), anterior, dorsal, ventral, posterior and lateral views of articulated specimen,
ROC 165, AM F117299, x 7. H, }, Ambocoekia sp. ef. A. runnegari (Chatterton, 1973) dorsal valve interior and exterior, McL

520, AM F117300, x 20.
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Delthyris Dalman, 1828

Tipe species. By original designation of Dalman
(1828: 120); Deltlyris elevata Dalman, 1828; Sil-
urian of Gotland.

Delthyris? sp.
Fig. 18D, E

Material.  Figured material: AM  F117303
(Fig. 18D): ventral valve from MeL 520. Unfigured
material: six ventral valves.

Remarks. The plications of thesc speeimens range from
low and rounded to high and subangular, with well-de-
veloped growth lines (Fig. 18E). Internally, well-devcl-
oped dental plates are present in at least one specimen
and muscle scar impressions are lacking, These fea-
tures, and their variability, are all reminiseent of
Cyriina wellingtonensis Dun, 1904, which has also
been recovered from the Murrindal Limestone. How-
ever, thesc specimens have been tentatively assigned to
Deltyris on the presence of a median septum in the
ventral valve that terminates abruptly around valve mi-
dlength (Fig. 18D). In two specimens, the median sep-
tum appears to have a serrated anterior margin. These
features suggest the affinities of this species lies with
Delthyris Indsoui Chatterton, 1973, from the Emsian
‘Reeeptacnlties’ and Warroo Limestone Members of
the Taemas Limestonc at Tacmas. Additional material
is required for a more positive identifieation.

Subfamily HOWELLELLINAE Johnson & Hou (in
Carter, Johnson, Gourvennee & Hou, 1994)

Howellella (Howellella) Kozlowski, 1946

Type speeies. By original designation of Kozlowski
(1946: 295); Deltlyris elegans Muir-Wood, 1925;
Middle Silurian of Anglie,

Howellella (Howellella) textilis Talent, 1963
Fig. 18E-M

Howellella textilis n. sp. Talent 1963: 81, pl. 50,
figs 1-43.

Fig. 18.

Howellella ef. texiilis-Johnson 1970a: 186, pl. 55,
figs 1-19.-Chatterton 1973: 106, pl. 27,
figs 1-19.-Lenz & Johnson 1985b: 89,
pl. 12, figs 10-22.

Howellella (Howellella) textilis-Brock 2003b: 81,
pl. 11, figs 11-16.

Material. Figured material;: AM F117304 (Fig. 18E,
F): ventral valve from McL 420dh; AM F117305
(Fig. 18G, H): dorsal valve from McL 420dh; AM
F117306 (Fig. 181-M): articulated specimen from
McL 420dh. Unfigured material: 62 ventral valves,
37 dorsal valves and 21 articulated spccimens.

Deseription. See Talent (1963: 8§1).

Rewarks. Most of the specimens recovered from the
Murrindal Limestonc closely resemble H. (H.) tex-
tilis from the late Pragian Lower Kilgower Member
of the Tabberabbera Formation, differing only in
sonic cascs by possessing a greater number of plica-
tions and being slightly larger. However, these forms
grade into forms identieal to those described by
Talent (1963).

Several specics of Howellella have becn re-
ported from the Early Devonian Garra Limestone of
New South Wales (Savage 1969; Lenz & Johnson
1985b; Farrcll 1992; Brock 2003b). Of these, H.
(H.) textilis appears most closcly related to H. nu-
cula australis Savage, 1969, but differs in possess-
ing more plications, a stronger fold and sulcus and
by being more transverse (Chatterton 1973). How-
ellella taleuti Farrcll, 1992 differs in possessing less
prominent growth lamellae, lacking a myophragm in
the ventral valve and crural plates that are conver-
gent posteriorly and dorsally (Farrell 1992).

Mawson & Talent (1999) described four speeies
of Howellella, H. placoeotexiilis, H. alatextilis, H.
legirupa and H. sp. from the Lochkovian Windel-
lama Limestone of New South Wales. Both /. pla-
coeotextilis and H. alatextilis appear to be closcly
related to /. (H.) textilis, but are distinguishable by
dillerences in the ormament, with /. (H.) textilis
having much narrower plications than the former
and fewer plications than the latter. Howellella ala-
textilis also differs by being strongly alate (Mawson

A-C, Ambocoelia sp. ef. A. mmnegari (Chatterton, 1973). All specimens x 20. A, B, ventral valve interior and exterior,

MeL 520, AM F117301. C, posterior view of articulated specimen, MeL. 520, AM F117302. D, E, Delthyris? sp., ventral valve
interior and exterior, McL 520, AM F117303, x3. E-M, Howellefla (Howelletla) textilis Talent, 1963, All specimens x 7. E, G, dot-
sal valve interior and exterior, MeL 420dh, AM F117305. 11, 1, ventral valve interior and exterior, Mel. 420dh, AM F117304, J-
N, anterior. ventral, posterior, lateral and dorsal views of articulated specimen, MeL 420dh, AM F117306. O-S, Howittia howiti
(Chapman, 1905), posterior, ventral, anterior and lateral views of articulated specimen, ROC 159, AM F117307, x7.
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& Talent 1999). Whereas . legirupa has a similar
number and type of plieations as 1. textilis, it differs
internally by possessing significantly larger dental
plates as pointed out by Sherwin (1995).

Howittia Talent, 1956a

Type species. By original designation of Talent
(1956a: 34); Spirifer howiri Chapman, 1905; latest
Pragian to carly Emsian of the Buchan Caves Lime-
stone, Bindi, Vietoria, Australia.

Howittia howitti (Chapman, 1905)
Figs I8N-R, 19A, B

Spirifer howitri sp. nov. Chapman 1905: 18, pl. 5,
figs 4-06.

Howittia howitti-Talent 1956a: 34, pl. 2, figs 13-17.-
Chatterton 1973: 112, pl. 24, figs 1-20.

Howittia el. H. howiti-Lenz & Johnson 1985b; 90,
pl. 14, figs 14-21.

Material. Figured material: AM F117307 (Fig. 18N-
R): articulated specimen from ROC 159; AM
F117308 (Fig. 19A, B): dorsal valve from ROC 159.
Unfigured material: 10 ventral valves and three dor-
sal valves.

Description. See Chapman (1905: 18), Talent
(1956a: 34) and Chatterton (1973: 112).

Remarks. These specimens can be readily assigned
to I1. howitti on the basis of the medial plication of
the dorsal valve bearing a distinet groove, a feature
Chapman (1905: 18) described as being one of the
chicf characteristics of H. howiti. Howittia lowitti
is very similar to H. multiplicata (de Koninck, 1876)
from the Emsian limestones at Taemas (de Koninek
1876; Chatterton 1973) and the Lick Hole Forma-
tion at Ravine (Strusz ¢t al. 1970), in terms of out-
line, mieroornament, delthyria, lateral plates and the
subdivided fold and suleus. However, they differ in
that F. multiplicata has more plications, the fold of
a mature dorsal valve is subdivided by at least five

Fig. 19.

furrows and that the plications next to the fold and
sulcus of H. muliiplicata are usually subdivided near
the umbo. Internally, H. wmultiplicara has shorter
erural plates (Chatterton 1973).

Howittia haideri Soja, 1988, from the Emsian of
Kasaan Island, southcastern Alaska, differs from /.
howitti in being smaller, having fewer plications and
with three plications consistently on the fold and two in
the suleus. Internally, the two speeies are virtually iden-
tical, but H. lieideri has much thicker dental plates, An
unnamed specics of Howittia deseribed by Perry
(1984), from Emsian strata of the Delorme Formation
of Canada, differs in possessing less prominent ventral
valve adminicula and fewer plications. A seeond un-
named species of Howinia, deseribed by Johnson
(1971) from the Emsian of the Sulphur Spring Range
of eentral Nevada, possesses fewer and stronger plica-
tions. In addition, the plication on the suleus is much
larger than in H. howitti (Johnson 1971).

Numecrous species of FHowiria have also been
deseribed from China, many of which occur in the
carly Emsian Nanning-Liujing district of central
Guangxi in southern China (Wang & Rong 1986).
They consistently differ from F£ howinti in possess-
ing fewer plications, up to cight at most. In addition,
most speeies also possess more plications in the fold
and grooves in the suleus than H. howini, and lack
growth lamellae developed over the entire shell.

Order SPIRIFERINIDA lvanova, 1972

Remarks, The higher level classifieation used for the
Spiriferinida herein follows that of Carter ct al. (1994).

Suborder CYRTINIDINA Carter & Johnson (in
Carter, Johnson, Gourvennee & Hou 1994)
Superfamily CYRTINOIDEA Frederiks, 1911
Family CYRTININAE Frederiks, 1911

Cyrtina Davidson, 1858a
Type species. By subsequent designation of Hall &

Clarke (1894: 44); Calceola heteroclita Defrance,
1824; Middle Devonian of western Europe.

A, B, Howirtia howini (Chapman, 1905), dorsal valve exierior and interior, ROC 159, AM F117308. x 7. C-K,

Cyrtina wellingtonensis Dun, 1904, All specimens x 5. C, dorsal valve interior, McL 420dh, AM F117310. D, E, ventral valve
exterior and interior, McL 420dh, AM F117309, I-1, anterior, lateral, posterior and dorsal views of articulated speeimen, ROC
162, AM F117311. I, dorsal valve exterior, Mcl. 420dh, AM F126356. K. dorsal view of articulated specimen, ROC 165, AM
F126357. L-R, Coclospira dayi Chatterton, 1973. All specimens x 7. L-P, dorsal, ventral, anterior, posterior and lateral views
of articulated specimen, McL 497, AM F117312. Q, R, ventral valve interior and exterior, McL 497, AM F117313. S-V, Yari-
atrypa (Yariatrypa) erectirostris (Mitehell & Dun, 1920). All specimens x 2, S, T, ventral valve exterior and interior, McL
417, AM F117314. U, V, dorsal valve interior and exterior, ROC 162, AM F117315:
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Cyrtina wellingtonensis Dun, 1904
Fig. 19C-K

Cyrtina wellingtonensis sp. nov. Dun 1904: 319,
pl. 61, fig. 2-2e.-Broek 2003b: 85, pl. 9,
figs 15-19; pl. 10, figs 1-4.

Cyriina aff. C. wellingronensis-Chatterton 1973: 101,
pl. 23, figs 1-25.

?Cyrtina sp. 1 Lenz & Johnson 1985b: 87, pl. 11,
figs 10-13.

Cyrtina sp. 2 Lenz & Johnson 1985b: 88, pl. 11,
figs 14-17,22.

?Cyrtina sp. 3 Lenz & Johnson 1985b: 88, pl. 11,
figs 18-20, 22-25. 29.

Cyrtina sp. Broek & Talent 1993: 244, fig. 15A-E.

Material. Figured material: AM F117309 (Fig. 19D,
E): ventral valve from MeL 420dh; AM F117310
(Fig 19C): dorsal valve from McL 420dh; AM
F117311 (Fig. 19F-1): artieulated speeimen from
ROC 162; AM F126356 (Fig. 19J): dorsal valve
from MeL 420dh; AM F126357 (Fig. 19K): articu-
lated speeimen from ROC 165. Unfigured material:
98 ventral valves, 70 dorsal valves and 157 artieu-
lated speeimens.

Description. See Dun (1904: 319) and Chatterton
(1973: 101).

Remarks. Cyrtina is a eosmopolitan genus that ex-
hibits a high degree of intraspecific variation, lcad-
ing to great difficulties in distinguishing between
speeies, not only within each eolleetion, but also be-
tween eollections. Kozlowski (1929), Chatterton
(1973), Lenz (1977b), Perry (1984), Lenz & John-
son (1985b), Farrell (1992) and Broek (2003b) have
all commented on these diffieulties. This variation is
so great that Lenz & Johnson (1985b) merely di-
vided their speeimens of Cyrtina from the Pragian
Garra Limestone at Wellington into three unnamed
speeies. Perry (1984) did not even attempt to iden-
tify individual species, elaiming that only through
the statistieal analysis of large eollections could in-
dividual speeies be aeeurately identified. Sueh a
study has yet to be undertaken.

The speeimens assigned to Cyrtina from the
Murrindal Limestone have proved no exeeption to
this rule. Like most Cyrtina, the interareas of the
Murrindal speeimens range from flat to strongly
eurved (Fig. 19D, E, G, H, 1. K); the plications are
weakly to strongly developed and rounded to angu-
lar (Fig. 19D, E, G, 1, J, K); coneentrie growth lines

are faint and subdued to strongly developed (Fig.
19E, G, 1, J, K); the eardinal extremities are rounded
to angular (Fig. 19E, 1, J, K); and some beaks are
slightly twisted. As obscerved by Farrell (1992),
these differenees may be environmental in origin, a
result of growth in a erowded environment, produe-
ing distorted shell growth.

Size has been frequently used to compare speei-
mens of Cyrtina from different eolleetions and to
distinguish between different speeies (eg. Savage
1969; Farrell 1992). However, this appears to be an
unreliable method of discriminating between indi-
vidual species of Cyitina as the size of many estab-
lished speeies appears very similar. Broek (2003b:
86) has also shown that size can vary greatly in-
traspecifieally.

A eomparison of size versus the number of pli-
eations on the ventral and dorsal valves appears to
scparate eastern Australian specimens of Cyrtina
into several distinet groups (Fig. 20). This analysis
groups the Murrindal speecimens with C. welliugto-
nensis from the Garra Limestone at Wellington (Dun
1904), Cvrtina sp. 2 from the Garra Limestone at
Wellington (Lenz & Johnson 1985b), C. wellingto-
nensis from the Garra Limcstone at Eurimbla
(Broek 2003b), Cyrtina aff. C. wellingtonensis from
the Emsian ‘Recepraculites’ and Warroo Limestone
Members of the Taemas Limestone at Tacmas (Chat-
terton 1973), and Cyrrina sp. from the Emsian
Ukalunda Beds of Queensland (Broek & Talent
1993). The Murrindal specimens have therefore
been assigned to C. wellingtonensis.

This analysis also allows the Murrindal speei-
mens to be separated from C. lereroclita, C. inbri-
cata Farrell, 1992 from the Garra Limestone of New
South Wales (Savage 1969; Farrcll 1992) and C.
praecedens Kozlowski, 1929 from the Windellama
Limestone in New South Wales (Mawson & Talent
1999) (Fig. 20).

Cyrtina sp. 2 and 3, deseribed by Lenz & John-
son (1985b) from the Garra Limestone of New
South Wales, plot slightly outside the range deter-
mincd for C. wellingtonensis in this study (Fig 20).
Analysis of additional material is required to deter-
minc if these speeies also belong to C. wellingto-
nensis.

Order ATRYPIDA Rzhonsnitskaya, 1960
Suborder ATRY PIDINA Moore, 1952
Superfamily ATRYPOIDEA Gill, 1871

Family ATRYPIDAE Gill, 1871
Subfamily ATRYPINAE Gill, 1871
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Fig. 20.  Number of plications versus A, ventral valve width and B, dorsal vatve width, for various Early Devonian specics

of Cyrtina from castern Austratia. @ C. wellingtonensis from the Murrindal Limestone, Buchan (A, n=29, B, n=29)
O C.owellingionensis from the Garra Limestone, Wellington (A, n= 13 B, n = 1) (Dun 1904: pl. 61, fig. 2); O C. aff. C.
wellingtonensis from the *Receptacidites’ and Warroo Limestone Members of the Tacmas Limestone, Tacmas (A,n=1;8B,
n = 5) (Chatterion 1973: pl. 23, figs 1-25). <1 Cyrtina sp. 1 from the Garra Limestone, Wellington (A, n = 0: B, n = 1)
(Lenz & Jolnson 1985b: pl. 11, figs 10-13); Cyréina sp. 2 from the Garra Limestone, Wellington (A, 1 =0; B, 11 = 2) (Lenz
& Johnson 1985b: pl. 11, figs 14-17, 21); > Cyrtina sp. 3 from the Gurra Limestone, Wellington (A, 1= 1: B, 1 = 4) (Lenz
& Johnson 1985b: pl. 11, figs 18-20, 22-25, 29); Cyrtina sp. from the Ukalunda Beds, northeast Queensland (A, n=1; B,
n=1) (Brock & Talent 1993: fig. 15A-E); A C. wellingtonensis from the Garra Limestone, Eurimbla (A,n=3;B,n=2)
(Brock 2003b); O C. pruecedens from the Mandagery Park Formation, Manildra (A n=6: B, n = 6) (Savage 1969: pl. 92,
figs 1-44); C. praccedens from the Windellama Limestone, Windellama (A, n = 2: B, n = 1) (Mawson & Talent 1999: pl. 9,
figs 15-19); C. imbricata from the Garra Limestone, The Gap (A, n=1; B, n = 3) (Farrelt 1992: pl. 5, figs 13-26); Cal-

ceola heteroclita, type species of Cyrtina (A, n = 1; B, n = 1) (Boucot ¢t al. 1965: fig. 549, 10).

Atryparia Coppcr, 1966a

Type species. By original designation of Copper
(1966a: 982); Atryparia instita Copper, 1966a; late
Eifelian Miillert horizon, Ahbach beds, Germany.

Atryparia penelopeae (Chatterton, 1973)
Fig. 21F-V

Atrypa desquamata-Mitehell & Dun 1920: 271,
pl. 15, figs 12, 13.

Desguamatia (Synatiypa) sp. nov. Hill, Playford &
Woods 1967: pl. 20, figs 15, 16.

Atypa penelopeae sp. nov. Chatterton 1973: 87,
pl. 20, figs 15, 16; pl. 21, figs 12-23,
25-29; pl. 22, figs 1-10.

Desquamatia (Variatrypay cf. penelopeae-lLenz &
Johnson 1985b: 78, pl. 4, figs 4-14.

Atryparia penelopeae-Broek & Talent 1993: 239,
fig. 11P-R; fig [2A-).

Material. Figured material: AM F117317 (Fig. 21F-
J): articulated speeimen from ROC 162; AM
F117318 (Fig. 21K): ventral valve from ROC 162;
AM FI117319 (Fig. 21L): ventral valve from ROC
162: AM F117320 (Fig. 21M): ventral valve from
ROC 162; AM F117321 (Fig. 21N): ventral valve
from ROC 181; AM F117322 (Fig. 210): articulated
speeimen from McL 417; AM F117323 (Fig. 21P):
artieulated speeimen from MecL 417; AM F117324
(Fig. 21Q): articulated specimen from ROC 162;
AM F117325 (Fig. 21R): articulatcd speeimen from
ROC 162; AM F117326 (Fig. 21S): dorsal valve
from ROC 162; AM F117327 (Fig. 21T): dorsal
valve from ROC 162; AM F117328 (Fig. 21U): dor-
sal valve from ROC 162; AM F117329 (Fig. 21V):
dorsal valve from ROC 162. Unfigured material:
779 ventral valves, 790 dorsal valves and 772 artie-
ulated specimens.

Description. See Chatterton (1973: 87).
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Remarks. Brock & Talent (1993) believed the shape,
growth lines. beak shape, lack of deltidial plates in
mature specimens and the sceondary thickening of
shell material in the delthyrium of this species sug-
gested its affinities lay with Arnyparia, rather than
Atrypa Dalman, 1828, where it was originally as-
signed by Chatterton (1973). Affinities with Turia-
trypa Copper, 1966b can be ruled out as the frill is
not composed of a single picce. Unlike Desquama-
tia Alcksceva, 1960, adult specimens of A. penelo-
peae lack a well-developed interarca and possess
coarse, rather than fine, costac.

Talent et al. (2001) questionably referred A.
penelopeae 1o Peetzatrypa Rzhonsnitskaya, 1975,
which occurs in the Eifclian Poluiakhtovsk Beds of
the southwcstern margin of the Kuzbass. Peerza-
trypa possesses deltidial plates that are lacking in
maturc specimens of A. penelopeae, and weakly de-
veloped dental plates, that are thick and well devel-
oped in /. penelopeae. Peetzatrypa also possesses a
high dorsal valve median ridge and spiralia with
around ten whorls. Atryparia penelopeae has only a
low dorsal valve median ridge, which is restricted to
dividing the posterior half of the adductor scars and
spiralia with as many as nineteen whorls (Chatterton
1973). Copper (2002) has recently synonymiscd
Peetzatrypa with Variatrypa.

Ontogeny. Ncanie specimens of A. penelopeae from
the Murrindal Limestone are equibiconvex, or
slightly ventribiconvex. A weakly developed fold in
the ventral valve and sulcus in the dorsal valve may
be present. A small pair of deltidial plates arc ob-
servable in the delthyrium, defining a small, eircular
foramen (Fig. 21R). Several equally spaced growth
lines are also observable with more added at regular
intervals throughout growth (Fig. 21R). Muscle
scars, if present, arc only faintly impressed in cach
valve. The inner surface is strongly erenulate, a re-
flection of external ornament (Fig. 21K, S).

The dorsal valve of sub-adults has increased in
convexity relative to the ventral valve, making them
dorsibiconvex (Fig. 21 H). The delthyrium, with its
circular foramen and deltidial plates is still observ-
able, but has begun to be reabsorbed (Fig. 21Q). Ad-
ditional costae have arisen through intercalation and
bifurcation (Fig. 21P, Q). Muscle scars arc only

Fig. 21.

faintly impressed, with the ventral valve muscle
scars being more firmly impressed than those of the
dorsal valve (Fig. 21L, M, T, U). Slight pitting oc-
curs in the ventral valve muscle field of some spec-
imens, usually in those with the more firmly
impressed muscle scars. The teeth have developed a
faintly erenulate ridge running along their length
and corresponding crenulated furrows are developed
in the sockets of the dorsal valve (Fig. 21M, U). The
internal surfaces have lost the strongly erenulated
appearance, becoming smoother as the shells in-
crease in size (Fig. 21L, M, T, U).

In adult and gerontic forms, the pedicle has been
atrophied and the deltidial plates and foramen are ab-
sent, both having been resorbed (Fig. 21N, O). In as-
soeiation with this, sccondary thickening of the shell
around the delthyrium is prominent. The profile of
adult A. penelopeae is strongly dorsibiconvex, the
ventral valve being almost planar in some speeimens.
The musele sears of both valves have become even
more deeply impresscd, but those of the dorsal valve
are less firmly impressed than those of the ventral
valve (Fig. 21N, V). A low ridge dividing the poste-
rior portion of the dorsal valve musele ficld has also
been developed (Fig. 21V). The arca around the mus-
cle scars of both valves has become pitted, especially
in the ventral valve (Fig. 21N). Stronger pitting is
usually associated with more deeply impressed mus-
cle sears. A frill is also developed in some adult and
gerontic speeimens of A. penelopeac.

Subfamily VARIATRYPINAE Copper, 1978
Variatrypa (Variatrypa) Copper, 1966b

Type species. By original designation of Copper
(1966b: 12); Desquamatia ajugata Copper, 1965;
lower Givetian Neuenbiisch horizon of the Blanken-
heim Syneline, northern Eifel, Germany.

Remarks. Copper (1966b) cstablished Variatrypa as a
subgenus of Desgnamatia, but subscquently raised it
to generie level (Copper 1978, 1991, 2002), diagnos-
ing it as large, shicld-shaped, dorsibiconvex with only
onc or two growth lines and a frill that is normally a
single picee. According to Copper (1978: 294), Ana-
frypa may be distinguished from FTariagrypa by its

A-E, Yariaiypa (Yariatrypa) erectirostris (Mitehell & Dun, 1920), ventral, dorsal, posterior, anterior and lateral

views of anticulated specimen, MeL 417, AM F117316, x 2. F-V, Atryparia penclopeae (Chatterion, 1973). All specimens x
2. F-J, dorsal, veniral, lateral, posterior and anterior views of articulated specimen, ROC 162, AM F117317. K-N, all ventral
valve interiors. K-M, ROC 162, N, ROC 181, AM Fs117318-117321. O-R, all dorsal view of articulated speeimens. O, P,
McL 417, Q, R, ROC 162, AM Fs 117322-117-325. S-V, all dorsal valve interiors, ROC 162, AM Fs 117326-117329.
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biconvex profile, transversely subpentagonal outline,
deltidial plates supported well into the interior of the
pediele eavity, medially direeted teeth, thinner hinge
plates, weakly developed eardinal proeess and thieker.
ventrally direeted erural bases. In eontrast, Johnson &
Boueot (1968) and Johnson (1970b, 1974a) argued
that Variatrypa is best regarded as a subgenus of Ana-
trypa, due to similarities in ornament, the ventral valve
interarca and delthyrium. The differences in shell
shape between the type species of Anatrypa and lari-
atrypa were eonsidered by Johnson & Boueot (1968)
to be insignificant at the generie level. However, based
on the differenees diseussed above, there seems sufli-
eient differenees between tariatrypa and Anatrypa to
warrant a separate generie status for each.

Variatrypa (Variatrypa) creetirostris
(Mitehell & Dun, 1920)
Figs 19S-V, 21A-E

Atrypa erectirostris Mitehell & Dun 1920: 267,
pl. 15, figs 10, 11; pl. 16, figs 17, 18.

Anatrypa erectirostris-Chatterton 1973: 92, pl. 20,
figs 1-14, 17; pl. 21, figs 1-11, 24, 30-32;
pl. 22, figs 11, 12.

Variatrypa (Variatrypa) erectirosiris-Broek & Talent
1993: 243, fig. 12K-0O; fig. 13 F-P.

Material. Figured material: AM F117314 (Fig. 198,
T): ventral valve from MecL 417; AM F117315
(Fig. 19U, V): dorsal valve from ROC 162; AM
F117316 (Fig. 21A-E): articulated speeimen from
MeL 417. Unfigured material: 70 ventral valves, 30
dorsal valves and 106 articulated speeimens.

Description. See Mitehell & Dun (1920: 267) and
Chatterton (1973: 92).

Remarks. Chatterton (1973) deelined to plaee this
speeics from the Emsian ‘Recepraculites’ Limestone
Member at Taemas. into cither of the subgenera pro-
posed by Copper (1966b) for Anatrypa. Chatterton
(1973) believed this speeies to be larger than A.
(Synatrypa) and possessing a ventral valve that is
coneave anterolaterally (Fig. 21C, D), and to be dis-
tinet from A. (Variatrypa) beeause it lacked a frill
and possesses finer and more elosely spaced costae
(Figs 195, V, 20A, B). However, Chatterton (1973)
did note this speeies is probably elosest to those
forms assigned to A. (Variatrypa). Broek & Talent
(1993) provisionally reassigned this species to Vari-
atrypa (Yariatrypa), following Copper (1978, 1991),

on the basis of the fine ribbing being interrupted by
only a few growth lamellac. In addition, some spee-
imens from the Murrindal Limestone, unlike those
deseribed by Chatterton (1973), possess growth
lamellae developed into frills, further reinforeing
this species affinities with Variatrypa.

Suborder DAY IINA Waagen, 1883
Superfamily ANOPLOTHECOIDEA
Sehuehert, 1894
Family ANOPLOTHECIDAE Sehuehert, 1894

Remarks. Following Johmson (1974b), Dagys (1996),
Alvarez & Carlson (1998) and Alvarez ct al. (1998),
the Anoplotheeidae (which ineludes Coelospira Hall,
1863, discussed below) are assigned to the superfam-
ily Anoplothecoidea (following Alvarez et al. 1998)
within the suborder Dayiina (following Johnson
1974b) in the order Atrypida. Although fundamental
differences do exist between the Dayiina and the other
atrypid suborders, and confusion surrounds their evo-
lutionary relationships, there appears little justifica-
tion at present to warrant their inelusion within the
Athyrida as proposed by Copper (1973, 1986), Copper
& Gourvennce (1996) and Alvarez & Copper (2002).

Subfamily COELOSPIRINAE Hall & Clark, 1895
Coelospira Hall, 1863

Tipe species. By original designation of Hall (1863:
60); Leptocoelia concava Hall, 1857; Lochkovian of
the lower Helderberg Group, Helderberg Mountain,
New York, Ameriea.

Coclospira dayi Chatterton, 1973
Fig. 19L-R

Coelospira dayi sp. nov. Chatterton 1973: 84, pl. 19,
figs 15-36; pl. 35, figs 6-8.

Material. Figured material: AM F117312 (Fig. 19L-
P): articulated speeimen from MeL 497; AM
F117313 (Fig. 19Q, R): ventral valve from MelL
497. Unfigured material: four ventral valves and 12
artieulated speeimens.

Description. See Chatterton (1973: 84).
Remarks. Coelospira concava (see Boueot & John-

son 1967: 1235-1236 for locality information)
shows eonsiderable morphologieal variation, espe-
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cially in the length to width ratio and in the eharae-
ter of the median rib of the ventral valve, Coelospira
dayi difters most eonsistently from C. concava in
having a ventral valve musele field that is not ante-
riorly elevated on a platform.

Coelospira dayi was the first species of Coelospira
to be documented in Australia. Previously, Devonian
Coelospira were believed to have been restrieted to
Laurentia, apart from a single speeimen reeovered
from Turkey (Boueot & Johnson 1967). However, sinee
then Coelospira has also been recovered from northern
Mexico, South America and Asia, ranging from
Lochkovian to Eifelian in age (Alvarez & Copper
2002). Several additional species of Coclospira have
also been deseribed from Australia.

Coelospira praedayi Lenz & Johnson, 1985b,
from the Pragian Garra Limestone at Wellington is
elosely related to C. dayi. Both speeies have a similar
shape and ornament, but C. dayi is more elongate,
possesses a shorter median costa on the ventral valve
and shorter, weaker secondary eostae. Coelospira
septata Lenz & Johnson, 1985b, also from the Pra-
gian Garra Limestone at Wellington (Lenz & Johnson
1985b) and the Pragian Garra Limestone at Eurimbla
(Broek 2003b), is more rounded, posscsses more
costae in the dorsal valve suleus compared to C. dayi
and has a thread-like median ridge in the ventral valve
and a prominent median septum in the dorsal valve
(Lenz & Johnson 1985b). An indeterminate speeimen
referred to as Coelospirinae gen. indet. by Savage
(1974) from the ?early Lochkovian Maradana Shale
has been referred to Coelospira by Talent et al.
(2001). This species differs primarily from C. dayi in
bearing more costae.

Coelospira sp., documented by Broek & Talent
(1993) from the Emsian Ukalunda Beds and Douglas
Creek of Queensland, possesses a similar outline, in-
curvature of the beak and growth lines to C. dayi. How-
ever, C. dayi is distinguishable by its well-developed
dorsal valve sulcus (Fig. 19L, N) and ventral valve with
a fine medial plication flanked by a pair of large costae
(Fig. 19M, R). The Ukalunda and Douglas Creek spee-
imens also possess a number of features unique to
Coclospira, sueh as the presence of up to three well de-
veloped ventral medial costae and costac which in-
erease by bifireation on the ventral valve and usually
by implantation on the dorsal valve. Brock & Talent
(1993: 239) speeulated that this unusual combination
of features may indicate these speeimens represent a
new speeies of Coelospira, but additional material is
required to confirm this. Hill et al. (1967. pl. D12, fig.
6) figured a single specimen of Coelospira from the

Ukalunda Beds that appears externally similar to those
speeimens deseribed by Broek & Talent (1993), al-
though it has a somewhat narrower outline.

Order ATHYRIDIDA Boueot, Johnson &

Stanton, 1964
Suborder ATHYRIDINA Boucot, Johnson &
Stanton, 1964
Superfamily ATHYRIDOIDEA Davidson, 1881
Family ATHYRIDIDAE Davidson, 1881
Subfamily DIDYMOTHYRIDINAE
Modzalevskaia, 1979

Buchanathyris Talent, 1956a

Tipe speeies. By original designation of Talent
(1956a: 36); Buchanatiyris westoni Talent, 1956a;
Early Emsian Buehan Caves Limestone, Buehan,
Vietoria, Australia.

Buchanathyris westoni Talent, 1956a
Fig. 22A-J

Buehanathyris westoni sp. nov, Talent 1956a: 36,
pl. 3, figs 1-4,

Buehanathyris westoni?-Talent 1963: 87, pl. 59,
figs 5-11.

Material.  TFigured material: AM  F117330
(Fig. 22A-E): articulated specimen from ROC
162; AM F117331 (Fig. 22F): dorsal valve from
ROC 162; AM F117332 (Fig. 22G, H): dorsal
valve from ROC 165; AM F117333 (Fig. 221, J):
ventral valve ROC 162. Unfigured material: 210
ventral valves, 229 dorsal valves and 32 articu-
lated speeimens.

Description. See Talent (1956a: 36).

Remarks. Although no features of the lophophore sup-
port or jugum have been preserved, the presenee of a
shortand apieally perforated hinge plate, fairly well de-
veloped coneave dental plates and lack of a median
septum (Fig. 22F, G, J), indicates the affinities of this
taxon lic with Buchianathyris. The ornament, consist-
ing of fine concentric growth lines at best (Fig. 22A,
D), associates these speeimens with B. westoni, which
also oceurs in the early Emsian Buchan Caves Lime-
stone and Pragian Dead Bull Member of the Tabberab-
bera Formation of Vietoria (Talent 1956a). The
ornament also separates this speeies from B. waruta-
hensis Talent, 1956a, from the latest Pragian Bell Point
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Limestone in Victoria, which possesses projecting
growth lines. Buchanathryis? pulchra Talent, 1963
(questionably referred to Atinris? by Talent ctal, 2001)
from the ?carly Emsian Roaring Mag Mcmber ol the
Tabberabbera Formation of Victoria, difters from B.
westoni in possessing a well defined sulcus in the ven-
tral valves, a poorly developed fold in the dorsal vahve
and well developed growth lamellae.

The majority of the specimens recovered from the
Murrindal Limestone differ from Talent’s (1956a)
original description of B. westoni in possessing a
thread-like median ridge in the dorsal valve that ex-
tends anteriorly to approximately valve midlength, As-
sociated with this ridge arc long, thin impressions of
muscle scars which extend forward no further than the
median ridge (Fig. 22F, G). These two features are
highly variable and at any given stratigraphic horizon
they range from indistinct to strongly developed. Tal-
ent (1963) did not mention the presence or absence of
dorsal muscle scars in B. westoni from the Buchan
Cavcs Limestone, but he stated that the dorsal valve
lacked a median septum. Talent (1963) described B.
westoni? from the Tabberabbera Formation as pos-
sessing elongate musele scars in the dorsal valve and
a variably devcloped, often faint, median septum.

Buchanathyris has also been recovered from
China. Buchanatlyris subplana (Tien, 1938), from
the Devonian of Sichuan Province (Wang et al.
1974) is slightly more elongate, but is not as thick
and has a weaker beak and smaller foramen com-
parcd to B. westoni.

Superfamily NUCLEOSPIROIDEA Davidson, 1881
Family NUCLEOSPIRIDAE Davidson, 1881

Nucleospira Hall in Davidson, 1858b

Tipe species. By monotypy, Hall in Davidson
(1858b: 412); Spirifer ventricosns Uall, 1857;
Lochkovian of the lower Helderberg Group, Helder-
berg Mountain, New York, America.

Nucleospira sp.
Fig. 22K, L,

Material. Figured material: AM F117334 (Fig. 22K,
L): ventral valve from McL 495, Unfigurcd mate-
rial: one ventral valve,

Fig. 22.

Remnarks. 1t is not possible to assign the Murrindal
speeimens to a described specics of Nucleospira due
to the limited and inadequately preserved material.
However, the shells appear to differ from most other
described specics ol Nucleospira in that the median
septum of the ventral valve does not extend beyond
valve midlength. The Murrindal specimens appear
most similar to those described by Philip (1962)
from the late Lochkovian Boola Siltstone of the
Tyers-Boola arca of central Victoria and Talent
(1963) from the Pragian Lower Kilgower Member of
the Tabberabbera Formation. The Tyers Boola spec-
imens possess a median septum with an ill-defined
anterior portion (Philip 1962), whereas the length of
thc median septum is variable in the Tabberabbera
specimens (Talent 1963).

Based on this difference in the length of the me-
dian septum alone, the Murrindal specimens may
represent a new species of Nucleospira. However,
most species of Nucleospira are very similar exter-
nally and internally (Savage 1981). Bowen (1967:
38) and Savage (1981: 366) both stated that new
specics of Nucleospira are assigned primarily on
difterenees in the distinctiveness of the sulcus, valve
convexity, the length to width ratio, growth lincs and
size. It is difficult to determine these characteristics
for the Murrindal specimens. In addition, these
characteristics appear highly variable both between
and within species and the range of variation be-
tween species remains unknown (Bowen 1967; Sav-
age 1981). As a result, many workers, such as
Johnson (1970a), Harper (1973), Boucot (1973) and
Smith (1980), have declined to name individual
species.

Order TEREBRATULIDA Waagen, 1883

Remarks. The higher level classification used for the
Terebratulida herein follows that of Boucot &
Wilson (1994).

Suborder CENTRONLELLIDINA Stehli, 1965
Superfamily STRINGOCEPHALOIDEA
King, 1850
Family MEGANTERIDAE Schuchert &
Levene, 1929
Subfamily ADRENINAE Boucot in Boucot &
Wilson, 1994

A-l, Buchanathyris westoni Talent, 1956a. All specimens x 3. A-E, dorsal, posterior, lateral, ventral and anterior

views of articulated speeimen, ROC 162, AM F117330. F. dorsal valve interior, ROC 162, AM FI17331, G, 11, dorsal valve
interior and exterior, ROC 165, AM F117332. 1, J, ventral valve exterior and interior, ROC 162, AM F117333. K, L. Nucle-
ospira sp., ventral valve exterior and interior, Mel. 495, AM F117334, x 18.
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A-E, Micidus shandkyddi Chatterton, 1973, dorsal, ventral, anterior, posterior and lateral views of articulated spee-

imen, ROC 162, AMF 1173385, x 5. F-), Micidus? glaber Chatterton, 1973, dorsal, ventral, lateral, anterior and posterior views

of articulated specimen, McL 497, AM F117336, x 12.

Micidus Chatterton, 1973

Tipe species. By original designation of Chatterton
(1973: 137); Micidus shandkyddi Chatterton, 1973;
carly Emsian ‘Receptacudites’ Limestone Member, Tae-
mas Limestone, Tacmas, New South Wales, Australia.

Micidus shandkyddi Chatterton, 1973
Fig. 23A-E

Micidus shandkyddr gen. et sp. nov, Chatterton 1973:
137, pl. 34, figs 1-12,

?Micidus? spp. A. Lenz & Johnson, 1985b: 93, pl. 16,
figs 7-24.

?Micidus? spp. B Lenz & Johnson 1985b: 93, pl. 16,
figs 20, 25-35.

Material. Figured material: AM F117335 (Fig. 23A-
E): articulated specimen from ROC 162. Unfigured
material: two dorsal valves and 22 articulated
speeimens.

Description. See Chatterton (1973: 137).

Remarks. Chatterton (1973) separated M. shandky-
ddi from M? glaber Chatterton, 1973, primarily on
differences in external features. These include the
presence of anterolateral plications, a weakly devel-
oped fold and suleus, a weakly suleate anterior con-
missure and a submesothyridid (to hypothyridid?)
foramen in M. shandkyddi. The external features and
dimensions of the Murrindal specimens compare
well with M. shandkyddi from the Emsian ‘Recepta-
culites’ Limestone Member, although the Murrindal
speeimens are slightly larger (Fig. 24). 1t is not pos-
sible to ecompare internal features though as none of
the speeimens recovered from the Murrindal Lime-
stone shows any trace of internal preservation.

Lenz & Johnson (1985b) tentatively referred
two speeies from the Pragian Garra Limestone at
Wellington to Micidis as they possessed simple del-
tidial plates. Micidus? spp. A elosely resembles M,
shandkyddi, both possessing a similar number of
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Comparison of M. shandkyddi from the ‘Recepraculites’ Limestone Member at Tacmas (average width 2.87 mm;
length 3.22 mm; height 1.5 mn; number of plications 6.9) (Chatterton 1973: fig. 49), with M. shandkyvddi from the Murrindal
Limestone (average width 4.71 mm; length 4.96 mm; height 2.42 mm; number of plications 6,73) and A, spp, A from the
Garra Formation (average width 4.15 mm; length 4.75 mm; height: 3.25 mm; number of plications 7) (Lenz & Johnson
1985b: pl. 16, figs 7-24) and AM? spp, B. from the Garra Formation (average width 5.1 mm; length 5.53 mm; height 2.8 mm)
(Lenz & Johnson 1985b: pl. 16, figs 20, 25-35). A, Length versus width of @ Murrindal specimens (1 = 8), O Tacmas spec-
imens (n =72), & M. spp. A (n=4) and < M7 spp. B (n = 3); height versus width of m Murrindal specimens (1 = 10),
0 Tacmas specimens (n = 75), ¥ AL ssp. A (1= 2) and [> M? spp. B (n = 3). B, Number of speeimens versus number of
plications of @ Murrindal (1 = 22) and <O Taemas speeimens (n = 60). C, Number of plications versus width of @ Mur-
rindal specimens (1 = 13), O Tacmias specimens (1 =45) and A M. spp. A (n=5).

plications and dimensions, although they too arc
somewhat larger than M. shandkyddi (Fig. 17). The
Garra specimens differ, however, in possessing
sharply rounded to angular plications. Micidus? spp.
B posscsses 2-3 pairs of rounded to angular eostac
that are at best weakly developed on the anterior half
to third of the valve, compared 10 5-11 plications on
the dorsal valve of M. shandkyddi. Despite this ex-
ternal difference from M. shandkyddi, Lenz & John-
son (1985Db) note that the erural plates and loops of
M? spp. B arc the same as those in M? spp. A.
Micidus stellue Soja, 1988, from the Emsian of
Kasaan Island, southeastern Alaska, differs in having
fewer plications along the anterior margins (three on
the dorsal valve and two on the ventral valve) and
inner hinge plates that are united anteriomedially.

Micidus? glaber Chatterton, 1973
Fig. 23F-J

Micidus? glaber sp. nov. Chatterton 1973: 138, pl. 30,
figs 1-15.

Material. Figured material: AM F117336 (Fig. 23F-
J). articulated speeimen from MeL 497, Unfigured
material: 31 articulated speeimens.

Description. See Chatterton (1973; 138).

Remarks. Chatterton (1973) tentatively referred this
speeies from the top of the Emsian ‘Receptaculites’
Limestone Member to Micidus due to internal simi-
larities with M. shandkyddi, despite the fact it dif-
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Fig. 25.  Comparison of A? glaber from the ‘Receprac-

ulites’ Limestone Member at Tacmas (average width
2.51 mm; length 3.19 mm; height 1.65 mm) (Chatterton
1973: fig. 50), with Af? gluber from the Murrindal Lime-
stone (average width 2.33 mm; length 2.73 mim; height 1.23
mm). Length versus width of @ Murrindal (n =16) and O
Taemas specimens (n = 53). Height versus width of @ Mur-
rindal (1 = 23) and 3 Tacmas specimens (1 = 53).

fercd in lacking plications. The Murrindal specimens
closely resemble M? glaber externally (Fig. 25). No
specimens with internal structures preserved have
been recovered from the Murrindal Limestone and
the exact taxonomic status of this species must there-
fore remain doubtful.

Micidus stellae Soja, 1988, from the Emsian of
Kasaan Island. southcastern Alaska, is casily distin-
guished by the presence of three plications devel-
oped along the anterior margin of the dorsal valve
and two on the ventral valve.
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